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Typical damage to fabric. The grub which 
is a little under half an inch long when full 
grown, spends its life in a camouflaged 
silken shelter. 


RY woollen garments and carpets 
may not seem to be very nutri- 
tious materials but there are a number 
of insects that feed exclusively upon 
such fabrics. These insects, of which 
the clothes moths are probably the 
best known, are believed to have 
originally been scavengers in the nests 
of birds and small mammals. When 
Man began to erect buildings and fill 
them with suitable material, the 
scavengers moved in and are now 
rarely found away from human settle- 
ments. 

The Common Clothes Moth rejoices 
in the name of Tineola bisselliella. 
There are a number of other closely 
related moths which differ only slightly 
in appearance and habits. All belong 
to the Lepidoptera — the same order that 
contains our familiar butterflies — and 
their wings are covered with tiny 
scales. 

It is the young moth (i.e. the cater- 
pillar) that does the damage — the 
adult moth cannot feed for its gut is 
not properly formed. Clothes moths 
feed upon woollen goods, furs, feathers 
and other dry animal tissues. These 
tissues are composed mainly of a pro- 


COMMON CLOTHES MOTH 


THE CLOTHES MOTH 


tein called keratin which is quite in- 
digestible as far as man and other 
mammals are concerned. The clothes 
moth larvae, however, produce special 
digestive enzymes which break down 
keratin into useful food materials. 
Absolutely clean garments, however, 
cannot support the larvae for long; 
they require traces of other substances 
— perhaps vitamins — that seem to be 
supplied by the slightest soiling of the 
material. 

Adult clothes moths tend to hide in 
dark corners and are unlikely to be 
attracted to a light. When disturbed, 


The Adult Common Clothes Moth at rest. 


the male will fly but the female usually 
scuttles into hiding. With her body full 
of eggs she is much heavier than the 
male and less able to fly. The female 
lays her eggs (up to 100) rather 
haphazardly — often on unsuitable 
material — and does not attach them 
to anything. Beating or brushing of 
carpets out of doors therefore helps to 
get rid of any eggs. Tiny caterpillars 
emerge in a week or two and, if the 
materials is unsuitable, they spin a 
‘tent? of silk in which they begin to 
feed. The ‘tent’ is camouflaged with 
fibres of the surrounding material and 


Three species of fabric moths. 


serves as a home throughout the life of 
the grub. One important function of 
the silken tent is to protect the grub 
from evaporation, for there is very 
little moisture in the food and the grub 
must conserve all its supplies. 

The grubs eat vigorously if the 
material is good and they can soon 
make a hole. During larval life the 
grubs change their skins three or four 
times and then change into a chrysalis. 
The length of time required depends 
on the quality of the food and may 
vary from a few weeks to a year. The 
adult moth emerges from the chrysalis 
in about two weeks and lives for per- 
haps three weeks, during which time 
pairing and egg-laying takes place. 

Prevention of infection is obviously 
the best way to deal with the clothes 
moth. Keeping clothes in air-tight 
boxes and cupboards will prevent the 
entry of moths. The use of chemicals 
such as camphor, moth balls and 
naphthalene and the various aerosol 
sprays (e.g. DDT) discourages the 
moths and kills those already present 
but the effects are not lasting. A 
promising new method is the treat- 
ment of fabrics during their manu- 
facture to make them unpalatable to 
moth grubs. The grubs either do not 
try to eat or else they die after a few 
attempts. Fabrics treated in this way 
are moth proof. This is the most satis- 
factory way of controlling moths, but 
strict cleanliness helps a great deal. 
The accumulation of dust and fluff 
underneath and behind furniture pro- 
vides ideal breeding places from where 
moths can spread to carpets and cloth- 
ing. 
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X-RAY DIFFRACTION 


CRYSTALS have always fascinated 

Man because of the beauty of 
their simple geometric forms and the 
way many of them sparkle when light 
falls on them. 

Long ago, Man suspected that their 
external symmetry must be due to the 
arrangements of atoms within them, 
but for a very long time this could be 
neither proved nor disproved. It was 
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Crystal illuminated by X-rays. When they are bombarded, the atoms in the crystal emit X-rays 
in all directions. In a particular direction, the crests and troughs coincide and reinforce eac 


other. In other directions they tend to cancel out. 


simply not possible to see the atoms in- 
side a crystal. Ordinary light can 
never be used to see them, but by using 
X-rays, a picture of the inside of a 
crystal can be built up. To do this, 
X-rays are bounced off the layers of 
atoms forming the crystals. 

An Atlantic roller will sweep straight 
on past a cork bobbing in its path and 
certainly will not be reflected back by 
the cork. In just the same way, light 
waves sweep past the atoms in a crystal 
and are not deflected from their path. 
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The story is quite different if the rollers 
strike a cliff. This time they are re- 
flected back, for the cliff is compara- 
tively large. X-rays behave in a similar 
fashion when they meet atoms in their 
path. The rays are reflected by them. 
X-rays, then, can be used to perceive 
atoms. 

X-rays are similar to visible light 
rays but of much smaller wave length. 
The size of a wave is of roughly the 
same order of size as the atom. For this 
reason atoms are capable of reflecting 
the waves. 

In 1937 at the Royal Society of Arts, 
Sir William Bragg displayed a shadow 
picture of a single cell of oxalic acid 
and another of the molecule of a pig- 
ment called monastral blue. 

The pigment ‘picture’ revealed four 
benzene rings surrounding an inner 
ring of nitrogen and carbon atoms and 
in the centre of all, an atom of nickel or 


copper. 
The method by which these results 


were obtained has now become routine | 


in many industrial laboratories. 
An X-ray tube produces a beam of 
X-rays by shooting a stream of elec- 


trons out of its cathode at a high 
voltage to strike a target in the tube. 
Asa result, the target gives out X-rays, 
but X-rays of a variety of different 
wave length. A narrow slit, placed in 
the path of the beam allows only a thin 
‘wedge’ of radiation to pass through 
and a purifying filter ‘kills’ all wave 
lengths except those of a particular 
one. 

The monochromatic (one wave 
length only) beam falls on the crystal 
whose structure is being investigated. 


The crystal is mounted on a turntable 
which can be rotated by a fine screw. 
The tiny waves hitting the atoms 
which form the crystal are reflected off 
the inclined surface and pass down a 
tube into an vonization chamber fitted 
with a narrow window through which 
X-rays can easily pass. The rays pour 
through this window knocking the air 
molecules in their path to pieces. The 
air becomes ionized and is capable of 
conducting an electric current. 

The outside of the metal chamber is 
connected to one terminal of a high- 
tension battery while the other ter- 
minal is connected to the outer casing 
of a gold leaf electroscope which in 
turn has its gold leaf connected to an 
electrode placed inside the chamber 
and insulated from the walls by a 
rubber or ebonite cork. 

When a beam of X-rays passes 
through the chamber, the current leaks 
from the walls to the plate. The dif- 


ference of potential between the gold 
leaves and the casing of the chamber 
falls and the leaves collapse as some 
charge is lost. When no X-ray beam is 
passing, the air no longer conducts and 
the gold leaves remain separate. 
Therefore the rate of collapse is an 
indication of intensity of the X-ray 


beam — quick collapse, high intensity 
of X-rays. . 

In 1912, Bragg discovered an extra- 
ordinary phenomenon. He found that 
as the crystal was slowly rotated, the 
intensity of the beam suddenly jumped 
at a certain angle and then fell away, 
only to jump again later. 

When a crystal of aluminium oxide 


An atom is too small to reflect an ordinary 
light wave, but is large enough to reflect an 
X-ray. 


LARGE IN 
COMPARISON WITH 
AN ATOM 


= 4,000 TO 8,000 x 10°CM 


X-RAY WAVE FALLING ON 
AN_ATOM = J0"CM TO im x 10%CM 


REFLECTED 
X-RAY WAVE 


was rotated by Bragg, intense radia- 
tion flashed out at angles of 1°45’, 
3°30’, 5°20’, 6° and 8°50’ (these were 
the angles between the incident radia- 
tion and the surface). Bragg rightly 
guessed that the reflection was due to 
successive planes of atoms within the 
crystal. 

At certain angles, a glass window 
will reflect sunlight, flashing it back 
into the eyes of the observer. When the 
angle of the glass sheet is altered just a 
little, however, the effect vanishes. 
Something similar is happening with 
the successive reflections of X-rays, 
but here it is reflection from atomic 
planes—sheets of atoms inside the 
crystal. 

The atoms are large objects and a 
great distance apart compared with 
the X-rays falling on them. Many of 
the X-rays pass between the atoms 
but some are reflected by them. When 
an atom is struck, it becomes the centre 
of disturbance and begins to radiate 
X-ray waves in all directions. An atom 
on the surface will be doing this; so 
will an atom in the plane below. The 
two sets of waves spreading out from 
each atom will interfere with each 
other. Where the crests of waves from 


Apparatus for measuring the intensity of the 
X-rays reflected from a crystal surface ex- 
posed at varying angles. 


both atoms coincide they will reinforce 
each other, but if, on the other hand, 


‘a crest of one coincides with a trough 


of the other then the rays mutually 
destroy each other and the intensity 
drops to zero. 

The waves will reinforce each other 
if a wave from the lower atom is 
exactly one wave length behind; 1.e. 
there is a phase difference of 1 wave 
length. The waves will also reinforce 
for phase differences of 2, 3, 4 wave 
lengths etc. They will destroy each 
other if the phase difference is half a 
wave length or 14 wave lengths and 
so on. 

If millions of waves from different 
atomic planes reinforce each other, 
then there will be a reflected X-ray 
wave of great intensity, but this maxi- 
mum intensity is possible only for 
certain angles of incidence of the beam. 

Bragg applied geometrical reason- 
ing to the problem and produced a 
mathematical formula relating the 
wave length of the X-rays to the dis- 


IN PHASE 


HIGH 
TENSION 
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tance between the atomic planes and 
the glancing angle at which the X-ray 
strikes the crystal to give a reflection 
where the rays from different atomic 
planes reinforce each other. 

The mathematical expression is 
known as Bragg’s law and can be used 
to calculate the distances between 
atomic planes. The crystal can be 
‘viewed’ from different sides to build 
up a three-dimensional picture of the 
atomic structure. 

Metals can be studied using X-rays 
to find how their atomic arrangement 
responds when they are subjected to 
outside strain, heat, prolonged vibra- 
tion, etc., and in fact X-rays are used 
to investigate the new alloys constantly 
being produced, because their physical 
properties depend very much on the 
internal arrangement of the atoms. 


WAVES 
REINFORCE 


Two trains of waves. The crests and 
troughs of the top set coincide and unite to 
produce an intensified wave. The bottom set 
of waves destroy each other. 


WAVES CANCEL 
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PALAEOGEOGRAPHY 


HE Palaeozoic (= ancient life) Era 
began some 500 million years 
ago with the opening of the Cambrian 
Period. Rocks of earlier ages are collec- 
tively termed pre-Cambrian and were 
formed during an immense period of 
time, far longer than that which has 
passed since Cambrian times. Apart 
from a few recent finds, pre-Cambrian 
rocks are generally devoid of fossils. 
However, life must have been in 
existence for quite some time before 
the Cambrian, for the fossils of that 
period are of very diverse and ad- 
vanced types. 

Fossils of almost every invertebrate 
group have been found in the Cam- 
brian rocks but there were no verte- 
brates (back-boned animals) or land- 
living organisms. All the known fossils 
are of marine origin. The most im- 
portant fossils are the trilobites, some of 
which are quite common. Trilobites 
existed throughout the Palaeozoic Era 
and then became extinct. They were 
related to the crabs and lobsters, and, 
like them, had horny external 
skeletons. Trilobite fossils are easily 
recognised by the head shield, seg- 
mented thorax and tail (pygzdium) 
although frequently one or more of 
these parts are missing. The zoning of 
the Cambrian rocks is based upon the 
succession of trilobite species. Many 
zones are named after the dominant 
trilobite, but it is sufficient now to be 
able to recognise Lower, Middle and 
Upper Cambrian rocks by their fossils. 

Lower Cambrian rocks contain a 
group of fossils typified by Callavia and 
Olenellus. The head-shield normally 
has a complete margin not crossed by 
grooves (sutures) from the region of the 
eyes. The tail, when present, does not 
have lateral lobes. Many other trilo- 
bites are present (e.g. Agnostus and 
Microdiscus) but these are not of value 
in dating the rock for they occur in the 
later rocks too. 

Middle Cambrian rocks are typified 
by fossils of the genus Paradoxides which 
includes the largest of all trilobites. 
Paradoxides differs from Lower Cam- 
brian fossils in having perfect facial 
grooves and a true tail (pygidium). The 
central part (glabella) of the head- 
shield is wider at the front than in 
Callavia. 

Olenus is the typical fossil genus of 
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A map showing the possible distribution of land and sea during Cambrian times. Kone fossils 


are inset. Present-day outcrops are yellow. 


the Upper Cambrian. The glabella 
does not reach to the border of the 
head-shield and the tail is well formed, 
with lateral lobes. This and closely 
related genera are used to zone the 
Upper Cambrian rocks. A common 
fossil in this group of rocks is the 
brachiopod Lingulella davisi. 

At the top of the Cambrian succes- 
sion is a series of rocks called the 
Tremadoc. They are mainly slates and 
shales and contain the trilobite Shu- 
mardia. This resembles the Ordovician 
species more closely than the other 
Cambrian ones. Furthermore, the 
first graptolites (Dictyonema species) 
make their appearance. The Trema- 
doc was once included in the Ordo- 
vician but, because there is a definite 


physical break (unconformity) above it, 
the Tremadoc series is now regarded as 
the top of the Cambrian. 

Although trilobites are the most im- 
portant Cambrian fossils, brachiopods 
are also of some value. They are bi- 
valve animals whose shells resemble 
those of molluscs but internally they 
are very different. Some brachiopods 
are found in the seas at the present 
time. Snail-like and squid-like mol- 
luscs also became important during the 
later part of the Cambrian. 

Cambrian rocks appear at the sur- 
face in only a few areas in Wales and 
the Midlands and in the north-west of 
Scotland. Boreholes in Buckingham- 
shire, however, pass through Cam- 
brian rock, so it is likely that most of 


the British area was under the Cam- 
brian sea. Whenever the base of the 
Cambrian is seen, it rests on a very 
irregular surface of pre-Cambrian 
rock, indicating a long period of 
erosion. Thus, the area must have 
stood above sea-level in late pre- 
Cambrian times. Remnants of this 
ancient land surface can be seen in the 
north-west of Scotland and the Outer 
Hebrides. 

At the beginning of the Cambrian 
period, the seas advanced over the 
land and the basal deposits are con- 
glomerates and hard sandstones repre- 
senting the beach deposits of the en- 
croaching sea. These rocks are not 
fossiliferous but above them come 
various sandstones, shales and slates 
with the typical Cambrian fossils. 

Cambrian rocks are well exposed in 
the cliffs around St. Davids in Pem- 
brokeshire. Sandy and shaly rocks at 
the lower levels indicate fairly shallow 
seas but fine grained rocks of the 
Middle Cambrian show a deepening 
of the water. Return to shallow con- 
ditions is shown by the sandy nature of 
the upper beds. The Tremadoc is 
missing in South Wales and there is a 
big unconformity at the base of the 
Ordovician rocks. 

In North Wales, the Harlech Dome 
is composed of Cambrian rocks which 
then dip under the Ordovician of 
Snowdon to reappear in the Llanberis 
region further north. The beds are very 
thick — several thousands of feet - but 
the base is not seen. The lower beds 
are of coarse pebbles and grits with 
some shales. There are no fossils, but 
the rocks are assumed to be Lower 


Cambrian because Paradoxides fossils 
are found in the overlying shales and 


An impression of marine life in the Cam- 
brian. Trilobites, jellyfish and sponges 
dominate the scene. 
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slates. The coarse grits are shallow- 
water deposits and their great thick- 
ness — possibly 5,000 feet — means that 
the area must have been sinking 
rapidly all the while. There must also 
have been a region of uplift nearby to 
provide all the sediment. The over- 
lying Menevian beds were formed in 
deeper calmer water, but then 
shallower conditions returned again as 
in South Wales. 

No Cambrian rocks are found in 
Anglesey — the Ordovician lies on the 
pre-Cambrian surface. This region 
therefore must have been above sea- 
level during, or immediately after 
Cambrian times. St. Tudwal’s Penin- 
sula, too, was uplifted, for Ordovician 
rocks lie on Lower Cambrian there. 
This north-western region of Wales is 
believed to have been a large rising 
island responsible for the sediment 
that was deposited in the sinking 
region of the Harlech Dome. 
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The outcrops in Shropshire and the 
Midlands are of grits, sandstones and 
shales and are full of unconformities. 
This area was obviously a shallow- 
water shelf area and it is likely that 
land was not far to the south east. The 
fossils collected from rocks in Germany 
and Czechoslovakia are very different 
from the British ones and support the 
theory of a land barrier. 

The fossils of the Scottish Cambrian 
are also very different from the Welsh 
ones. They include Olenellus and others 
that are not found in Wales but are 
found in eastern North America. The 
Cambrian rocks in Scotland are lime- 
stones and shales — very different from 
the Welsh deposits. Obviously the 
two regions were separated by a 
barrier of some sort. The Manx slates 
on the Isle of Man and various rocks of 
the Lake District are believed to be 
Cambrian and suggest that a deep 
trough (geosyncline) ran NE/SW across 
the British region during Cambrian 
times. The Harlech geosyncline was a 
smaller one within the large one. 


Rock do not provide sufficient evi- 
dence for a definite conclusion about 


the geography of Cambrian times. The »."\’ } 
accompanying map cannot therefore} ¥ 


do more than give a very general idea 
of what things may have been like at ~ 
that time. \ 
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NUCLEAR PHYSICS 


POWER 


HEN an atomic bomb explodes, a 
vast amount of energy is re- 
leased in a tiny fraction of a second. In 
the bomb, the energy that was locked 
up in the nuclei of uranium atoms is 
released when these nuclei are split up. 
This fission reaction is triggered off by 
the capture of a neutron by a single 
uranium nucleus. The nucleus breaks 
up, throwing out a number of frag- 
ments, neutrons among them. These 
neutrons are captured by more uran- 
ium nuclei which then split up pro- 
ducing another generation containing 
still more neutrons. The process keeps 
on repeating itself with more and more 
neutrons in each generation, until the 
whole mass of uranium is consumed. In 
this chain reaction a vast amount of 
energy is created using quite a small 
mass of uranium. 

The atomic explosion is an example 
of an uncontrolled fission reaction, with all 
the energy released in as short a time 
as possible. To drive power stations or 
submarines a steady source of energy 
is needed, and this may be obtained 
from a controlled fission reaction. In 
this, the uranium ‘fuel’ must be con- 
sumed slowly and steadily. The energy 
of the exploding nuclear fragments is 
then converted into heat energy, 
which is carried away and used to turn 
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In the core of a uranium-graphite pile, uranium fuel elements are placed in loading tubes. 
Blocks of graphite moderator separate the fuel elements, and cadmium control rods may be 


pushed in or out of pile. 


water into steam to drive the turbines. 
This process is carried out in a nuclear 
reactor or pile. 

The design of a nuclear reactor is a 
very difficult and complicated busi- 
ness. The nuclear engineer has to 
design an efficient and safe source of 
power, bearing in mind that the run- 
ning costs must not be too high. He has 
first to obtain a fuel that works well in 
the chain reaction and then a means of 
controlling the chain reaction. 
Atomic Fuel 

Every pile uses nuclear fuel—a 
material that will support the con- 
trolled chain reaction. The fuel most 
commonly used in nuclear reactors is 
uranium. Naturally occurring uranium 
is a mixture of different isotopes (atoms 
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of the same element but of different 
masses). Over 99% of the naturally 
found element is uranium-238, and 
less than 1% is the lighter isotope, 
uranium-235. It is the uranium-235 
that is most useful in promoting a 
chain reaction, and to make atomic 
bombs, great expense and trouble was 
incurred in extracting the lighter iso- 
tope. 

For use in nuclear reactors it would 
be obviously easier and cheaper to be 
able to use uranium in its naturally 
occurring form. To do this, the pile 
has to be constructed so that fission of 
the uranium-235 occurs, while the 
uranium-238, which is an unavoidable 
nuisance, is not allowed to interfere 
with the process. 


When uranium-235 captures a slow neutron, 
fission occurs. Fast neutrons are hurled away 
from the splitting nucleus and have to be 
slowed down to keep the chain reaction 
going. This is done by using a graphite 

moderator. 
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Suppose a lump of uranium is bom- 
barded with neutrons of different 
speeds. It happens that the uranium- 
235 absorbs slow neutrons, and fission 
then takes place. Fast neutrons do not 
affect uranium-235 (it is rather like 
putting a golf ball too strongly — it is 
likely to pass right over the hole). On 
the other hand, uranium-238 atoms 
only disintegrate when bombarded by 
fast neutrons, but the fissions are com- 
paratively few and far between, so that 
this isotope is of little use in the pile. In 
addition, uranium-238 has the un- 
fortunate property of absorbing slower 
neutrons without fission, so ‘stealing’ 
neutrons that might have been useful 
in causing fission in uranium-235 
nuclei. It will not, however, absorb 
very slow neutrons. 

An ideal arrangement would be to 
have only very slow neutrons moving 
about in the pile. These slow neutrons 


would not be absorbed by the uran- 


ium-238, and would keep on bumping 
about until they meet uranium-235 
nuclei. In practice, the neutrons re- 
leased in the fission reaction travel at 
very high speeds. These would mostly 
be absorbed by the uranium-238 
nuclei and lost to the chain reaction 


In the ‘swimming pool’ reactor uranium fuel 
elements are mounted on a frame and hung in 
a tank of heavy water moderator. Boron car- 
bide control rods are mounted inside the fuel 
elements. 
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unless they were slowed down. How- 
ever, in a nuclear pile the fast neutrons 
are slowed down by using moderators. 

Moderators are masses of material 
that slow down fast neutrons without 
absorbing them. By mixing the 
moderator in with the uranium metal, 
any fast neutroris released in fission of 
either uranium-235 or uranium-238 
nuclei are slowed down so that they 
ignore the heavier isotope but are 
easily absorbed by the lighter one. One 
such moderator is pure graphite. This 
slows down neutrons but does not 
absorb them. 

By selecting the correct moderator, 
a plentiful supply of neutrons of the 
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practice, control is obtained by de- 
liberately inserting lumps of material 
that absorb neutrons. The pile is made 
larger than the critical size so that 
there are more neutrons in it than are 
needed to keep a controlled reaction 
going. This reaction is then damped 
down by inserting control rods made of 
metals like cadmium or hafnium. 
These metals absorb neutrons, and 
the rods are slowly withdrawn from 
the pile until just enough neutrons 
are absorbed, leaving sufficient neu- 
trons to keep the reaction going at the 
required rate. By moving the control 
rods in or out, accurate control of the 
fission rate in the pile may be achieved. 


In the Calder Hall gas-cooled reactor carbon dioxide is circulated around the pile. This 
carries away heat, which is used to convert water to steam in the heat exchanger. 


right speed to make the chain reaction 
proceed has been ensured. It is im- 
portant that these neutrons are not lost 
through the walls of the pile. If the pile 
is too small, a large proportion of 
neutrons is lost. For this reason the pile 
is made larger than a critical size. If, 
then, the moderator is correctly chosen 
and the pile is big enough, the reactor 
is critical and a chain reaction is able to 
get under way and keep going. 


Controlling the Reaction 
Once the chain reaction is estab- 


lished, it is most important that it is 
never allowed to get out of hand. In 


Getting the Heat away 

The heat energy released in the pile 
has to be carried away and used to 
raise water to steam. A coolant is 
pumped around the reactor itself and 
this transfers the heat on to the 
heat exchanger where the water is 
heated. 

The coolant may take the form of a 
gas, such as air or carbon dioxide, 
or a liquid such as water. In some 
reactors, where a very small pile run 
at very high temperatures is used, 
liquid sodium is used as the coolant. 
This has the advantage of a high boil- 
ing point and large heat capacity. 
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BIOLOGY 


The damaged tissue ts 
made up of specialised 
skin and gut cells. 


These specialised cells 
become unspecialised, 
gut and skin cells be- 


Start to grow. 


come altke. 


REGENERATION 


Animals that Grow New Limbs 


FACH species of plant or animal has 
a characteristic form that dis- 
tinguishes it from other species. The 
typical form is reached by complicated 
development from the fertilized egg. 
When, by some accident, part of the 
structure is damaged or lost, the 
organism strives to regain its original 
form. This ability to grow replace- 
ment parts is called regeneration. In 
general, the rate of regrowth is pro- 
portional to the amount of regrowth 
required to reach the original form. 
All animals and plants are capable of 
it to some extent but, as a general rule, 
the more highly evolved an animal is, 
the less are its powers of regeneration. 
Man, for example, is able to regenerate 
skin and bone tissue to mend wounds 
and fractures, but is unable to regrow 
even a finger if one should be lost. 
Some internal organs can be re- 
generated if a large enough part 
remains as a starting point. The liver 
is an example; so, too, are the adrenal 
glands. The replacement of worn-out 
tissues is a form of regeneration and 
goes on throughout life. The most 
obvious is the replacement of skin 
from below as the outer layers rub off. 
Some animals are able to regenerate 
new limbs — in fact lizards may actually 
shed their tails themselves to confuse 
enemies and later they grow new ones. 
Crabs, too, can throw off a limb to es- 
cape from an enemy. The most striking 
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cases of regeneration, however, are 
found among the lower animals — the 
Coelenterates (jellyfish and their rela- 
tives) and the flatworms. 

Flatworms are built up of three 
basic layers: an external ectoderm, an 
endoderm lining the gut, and a mesoderm 
occupying the space between the two. 
Planarians are flatworms with great 
powers of regeneration. As long as all 
three types of tissue are present, a 
complete new worm can grow from a 
tiny portion. 

When a planarian is cut in half, 
both halves can form new animals. 
The cells of the damaged region lose 
their individuality and all become 
alike. They grow and divide and the 
growing mass takes on the correct 
shape —be it of a head or a tail. 
Gradually the cells become specialized 


The cells of the un- 


Specialised tissue then 


The number of un- 
specialised cells in- 
creases as they divide. 


again and begin their normal func- 
tions. The head region is the co- 
ordinating region and, if missing, is 
always the first formed structure in a 
regenerating body. Not until there is a 
head, can the other organs be re- 
formed. 

A fragment of a flatworm can re- 
generate into a new individual as long 
as there is sufficient food reserve in the 
tissue. The fragment has no mouth 
and feeding organs and so cannot get 
any food from outside. The cells at the 
cut surface (sometimes all the cells in 
the fragment) become alike and mul- 
tiply. Because food is used up during 
this process, the fragment gets smaller, 
but if sufficient cells can be formed, a 
tiny planarian will develop. Any 
original organs remaining in the frag- 
ment will be partly absorbed so that 


The growing mass of unspecialised cells is gradually reorganised in the exact pattern of the original part in shape, size and proportion. The 


new skin and new gut cells having taken up their proper positions, they begin to work at their specialised jobs, and the regenerated part begins 
to function as a normal active part of the flatworm. 


Crabs are able to break off their limbs at a particular point (arrowed) in order to escape from 
enemies. New limbs will grow and become fully formed after one or more moults. If a flatworm is cut in half each 
piece will regrow. The front 
quickly grows a tail, but the 
tail has to form a head before 
forming the missing organs. A 
whole new flatworm can re- 
generate from a tiny portion, 
providing skin and gut cells 
are present. The enlarged 
drawings show what happens 
to the flatworm fragment as it 
is reorganised to form a tiny 
flatworm the size of the frag- 
ment. Gut and skin cells be- 
come unspecialised. These 
then divide and eventually take 
on special tasks again when 
they are sorted into their 
correct positions to form a 
new flatworm. 


1355 


they conform in size to the rest of the 
new animal. A new head is. formed 
before the rest of the body develops. 

Any fragment of a planarian that 
regenerates naturally will produce a 
head at the original front end. Al- 
though the cells are completely re- 
organised they never lose this polarity. 
Regeneration in jellyfish is very simi- 
lar, but in higher animals, the head 
cannot be regenerated. New limbs and 
bodies can form under the influence of 
the head but not vice-versa. 

Earthworms are able to regenerate 
new bodies as long as the front part 
containing the vital organs is present. 
The tail region of a worm, if removed, 
cannot continue its existence. Crabs, 
lobsters and crayfish are able to 
break off their limbs at will — a process 
called autotamy. More important, they 
are able to regenerate the lost parts. 
At the base of each limb is a special 
muscle which bends it until it breaks 
at a specially weakened place, the 
breaking point. At first only a miniature 
replacement limb is formed, but when 
the animal next sheds its skin the 
limb grows rapidly to almost the size 
of the original limb. 

Insects, too, possess the power of 
regeneration, when young. Missing 
legs and antennae (feelers) can be 
regenerated but do not develop fully 
until after at least one moult. A pad of 
regeneration tissue develops at the 


LIZARDS CAN SOMETIMES 
SHED THEIR TAILS 

TO CONFUSE 

ENEMIES 


wound and forms the missing limb. 
Many abnormalities of regeneration 
are known among insects — a mantis 
has, for example, been known to 
grow a leg where an antenna had been 
lost. 

One frequently sees starfishes with 
one or more arms missing. The mouth 
and part of the digestive organs are 
in the central disc of the animal and 
thus it can continue to feed even when 
all the arms are lost. Its powers of 
regeneration are such that the star- 
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ow to the original size. 


THE FRONT END ONLY OF AN EARTHWORM 
CAN SURVIVE AND FORM A 
NEW BODY 


YOUNG INSECTS CAN GROW NEW LIMBS 
WHICH APPEAR AT THE NEXT OR A 


LATER MOULT 


THE NEW TAIL IS 
NEVER AS LARGE AS THE 
ORIGINAL ONE 


fish can develop new arms from the 
central disc alone. 

Regeneration in vertebrate animals 
is much more limited. Lizards can 
regenerate lost tails but rarely is the 
new one full sized. Newts have been 
known to regenerate limbs and tails, 
so too have young frogs. In the higher 
animals, the powers of regeneration 
are confined to the mending of broken 
bones and connective tissues and the 
regrowth of some damaged internal 
organs. 


th and part of the digestive system of the starfish are in the central disc so that even if 
rms are lost, it can continue to feed. In time, new arms can be formed from the disc 


PHYSICAL CHEMISTRY 


THE FOUNTAIN 
EXPERIMENT 


OTH ammonia and _ hydrogen 
chloride are very soluble in 
water. In fact at 15°C water will 
absorb 800 times its own volume of 
ammonia at normal atmospheric pres- 
sure. Their high solubility may be 
demonstrated in a quite spectacular 
way by the Fountain Experiment, so 
called because a fountain of water 
droplets rushes into the flask which 
originally contained the gas. 

The arrangement of the apparatus 
is shown in the diagram. The lower 
flask is filled with water and a rubber 
bung with two tubes passing through 
it is inserted. Another flask is filled 
with ammonia gas and placed over the 
other end of the vertical tube and held 
in position by the second rubber bung. 

A small quantity of water is forced 
through the vertical tube into the 
upper flask by blowing gently on to the 
water in the lower flask. However, 
once this small quantity of water 


enters the upper flask through the 
tapered jet, a whole fountain of water 
spirts in without further assistance 
from outside. 

Just as soon as the first drops 
of water enter the flask, so ammonia 
gas starts to dissolve, and the pressure 
of the remaining gas drops immedi- 
ately. This creates a partial vacuum 
and in an effort to balance the pressure 
inside and outside the flask, the pres- 
sure of the atmosphere forces more 
water into the flask. Quite soon all 
the ammonia will have dissolved and 
the flask becomes almost full of water. 

If a few drops of red litmus were 
put in the lower flask at the com- 
mencement of the experiment, the 
colour of the water would change to 
blue as soon as it entered the upper 
flask and ammonia started to dissolve. 
This shows that ammonia dissolves to 
form an alkaline solution. 

However, if the experiment were 


om 


Once the water has entered the flask containing ammonia (left) the flow of water continues 


without further assistance. As the ammonia dissolves, the pressure of the gas in the flask 
drops. The greater pressure of the atmosphere makes more water rush into the flask. A similar 
effect is observed with a flask full of steam (right), but here the pressure falls as the steam 


cools. 


HYDROGEN 
CHLORIDE 


Making Hydrochloric Acid 
Hydrochloric acid is a solution of 
hydrogen chloride in water, but as 
hydrogen chloride is so soluble 
special care has to be taken in making 
the solution. If an ordinary delivery 
tube were dipped into water, the 
water would rapidly rise up the tube 
as the gas dissolves and quite soon 
water would enter the flask contain- 
ing the reaction mixture. As hot 
concentrated sulphuric acid is used 
in this preparation, the admission of 
cold water to the flask would be 
dangerous. 

One method of dissolving the gas 
is illustrated. The open end of the 
inverted funnel dips into the water. 
As hydrogen chloride reaches the 
funnel, water rises up inside it, but 
cannot go very far as the liquid seal is 
broken, so causing the water to fall 
back. 


HYDROGEN 
CHLORIDE 


performed using hydrogen chloride 
gas (or sulphur dioxide), blue litmus 
would be added to the lower flask and 
this changes to red on reaching the 
upper flask, so showing that the 
solution is acidic. Hydrogen chloride is 
not so soluble as ammonia — at 15°C 
water will absorb only 458 times its 
own volume of the gas. Under the 
same conditions water absorbs 47 
times its own volume of sulphur 
dioxide. 

The fountain experiment will also 
work if the upper flask is filled with 
steam or hot air instead of ammonia. 
In this instance, however, the pressure 
difference, which makes the fountain 
of water droplets rise into the upper 
flask, is caused by the contraction of 
the hot gases as they cool down. 


oe 


ALIGNING the 


AUGNING a radio set means 
making final ees ae to some 

of the components, to get the best per- 
formance out of it. Many of the 
available transistor super-het kits are 
designed so that they do not need 
alignment. The sets are pre-aligned, 
and should work properly as soon as 
the components are soldered together, 
and the current switched on. This is a 
great advantage, for aligning involves 
expensive equipment—a __ signal 
generator, capable of producing elec- 
trical oscillations over the range 50 
cycles per second to 1,600 kilocycles 


Hints in assembling the set 


Sort out the components in a definite 
order and ‘tin’ the ends with solder. 


per second (1,600,000 cycles per 
second) and an output meter which 
measures the amount of power reach- 
ing the loudspeaker. 

The procedure is fairly simple. The 
signal generator feeds a certain type 
of signal into various parts of the set, 
and the output meter measures what 
the transistor set does to the signal. 

It is usual to work backwards, 


starting at the final stage, the audio- 


frequency amplifier. The output meter 
is always connected to the two loud- 
speaker terminals in place of the 
loudspeaker, and it measures the 


Bend wires under the circuit board so that 
the component does not move while solder- 


ing. 


SUPER-HET 


volume of signal being fed into the 
loudspeaker. The frequency response of 
the audio frequency amplifiers is to be 
tested first. In other words the maker 
of the set wants to know whether the 
output meter gives the same sort of 
reading for a signal of 300 cycles per 
second as it does for a signal of fre- 
quency 3,000 cycles per second. This 
frequency range covers the range of 
sound waves likely to be given out by 
the small loudspeaker of a portable 
transistor set. 

The signal generator provides the 
necessary signal. This is a ‘pure’ 


Make sure that electrolytic capacitors are 
connected the right way round. 


signals. 


signal, of one frequency only. To make 
sure that the set itself does not compli- 
cate this signal during this operation, 
the frequency selection knob is twisted 
so that no signals are being picked up. 
The signal generator is connected 
across the two terminals of the volume 
control resistor. Various frequencies 
over the audible range are fed in, and 
the corresponding meter readings 
noted down. 

It might be thought that all these 
readings should be the same, for the 
set ought to amplify all signals of all 
frequencies equally. But this is not so. 


Radio-frequency 
signal generator, 
giving signals 
modulated by 
audio-frequency 
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The loudspeaker will tend to boost the 
higher frequencies. To compensate 
for this, components are inserted into 
the set to boost the lower frequencies 
(the ‘bass’). As a result, the output 
meter should give a higher reading for 
300 cycles per second than for 3,000 
cycles per second. The exact amount 
by which one is greater than the other 
can be worked out only if the charac- 
teristics of the loudspeaker are known. 
The only possible adjustments are in 
the feedback resistors which are ‘boost- 
ing the bass’. 

The components which will most 


ik 

Output meter. This is 
either a meter with a 
few ohms resistance 
connected in place of 
the loudspeaker, or a 
voltmeter connected 
across the loudspeaker 
terminals. 


Audio-frequency 
signal generator 
used for checking 
the final stage 
only. 


probably need aligning are the trans- 
formers in the intermediate frequency 
stage. They are part of tuned circuits, 
and they must be tuned to the inter- 
mediate frequency (the result of the 
heterodyning), which in this set is about 
465 kilocycles per second. These 
transformers are provided with an 
iron dust core (it increases their in- 
ductance), which can be screwed in 
and out. In this way their inductance, 
and the frequency to which the circuit 
is tuned, is altered. 

It is important to note that the 
transformer cores must not be screwed 


in with iron or steel screwdrivers, for 
these are ferromagnetic and would add 
to the effective inductance of the 
transformer, giving a false value to the 
tuned frequency. A non-ferrous tool 
(e.g. made of copper) must be used 
instead. 

The procedure is to feed a small 
signal of frequency 465 kilocycles per 
second modulated with a ‘pure’ audio 
frequency signal into the set via a 
‘blocking capacitor’ and to adjust the 
transformers, one at a time, so that the 
output is maximum (measured by the 
output meter). The modulation is 
necessary because the 465 kilocycle 
per second signal is disposed of before 
it reaches the output meter. Only 
where it carries an audible frequency 
can the signal give a reading on the 
output meter. 

The signal is fed into the set (see 
diagram), and a signal of up to halfa 
volt is needed to give a reading on the 
output meter. But as the transformers 
are aligned more closely, the output 
from the signal generator must be 
lowered. The last transformer is adjus- 
ted first, then the middle one, and 
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finally the first transformer. The 
transformers are adjusted simply by 
screwing in or out the iron-dust cores. 
During this operation, the receiver is 
switched to the medium waveband. 
The next step is to align the first 
stage, which receives the radio- 
frequency signal. When this is done, 
the signal generator is not connected 
directly to the set. Instead it is used as 
a transmitting station, a few coils of 
wire connected across its output ter- 
minals acting as a transmitting aerial. 
First the signal generator transmits a 
signal of frequency 525 kilocycles per 
second. This represents the lowest 
frequency of the medium waveband. 
The transistor set is switched on to the 
medium waveband, and the frequency 
selector knob twisted so that it is right 
off the lower frequency (longest wave- 
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length) end of the scale. Then the iron 
dust core of the oscillator transformer 
is screwed either in or out until the 
output is a maximum on the output 
meter. 

The generator is readjusted so that 
it transmits a 1,600 kilocycle signal. 
This represents the upper limit of the 
medium waveband, and the frequency 
control knob is twisted right to the 
other end of the scale. The ‘trimming’ 
capacitor attached to the oscillator 
might have to be adjusted now to give 
a Maximum output. 

Aerial coils and ‘trimming’ capaci- 
tors attached to the aerial are adjusted 
(again for maximum output on the 
output meter) while the set is re- 
ceiving the signal generator’s signals 
at various points along the medium 
waveband. 

A similar procedure is followed for 
the long waveband, the components 
which need adjusting at each stage 
depending ultimately on the design of 
the set. 


To align the radio-frequency 
stage, the signal generator 1s used 
as a transmitter. Different radvo- 
frequencies (modulated with 


audio-frequencies) are  trans- 
mitted. The set is tuned to receive 
them. 
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THE PUBLIC ANALYST 


‘THE day to day activities of the 

workers in many branches of 
science are largely unnoticed by the 
general public. It is only when a 
startling discovery is made, or when 
something goes wrong that scientists 
receive much publicity in the press. 
This is particularly true of the work of 
the Public Analyst. 

The activities of the analyst are 
many—he may be called upon to 
analyse and give an opinion as to the 
quality of virtually any substance — 
but perhaps his most important func- 
tion is the examination of foodstuffs. 
As well as investigating complaints, he 
carries out tests on samples brought 
in from shops for routine examination. 

There is a tendency these days for 
many people to take for granted the 
purity of the food they eat. Except 
on those now rare occasions when 
something is obviously wrong with the 
food —it has an unusual appearance, 
or a strange odour, or there is an out- 
break of food poisoning — few people 
would question its quality. 

This happy situation has been 
reached largely through the work of 
the analyst on the one hand and 
Parliament on the other. For the past 
hundred years there has been legisla- 
tion to protect the consumer, both 
from the use of harmful substances as 
colourings or flavourings and from the 
addition of worthless materials. Under 
present regulations the manufacturers 
are required to declare on the cans or 
wrappers of manufactured foods what 
they contain. Furthermore, the law 
specifies what may or may not be in- 
cluded in various foodstuffs and even 
lays down, in some instances, the pro- 
portions of the essential ingredients. 
In particular 
choice of artificial colourings, fla- + 


vourings and preservatives is strictly 


limited by law. In some countries the 
use of certain artificial colours is pro- 


hibited because they are known to be, | 


harmful, while in others only those 
colours on the prescribed list may be 
used. 

The vast majority of manufacturers 
do, of course, employ their own 


_ 


— 


the manufacturer’s ~ 


analysts and it is their duty to check 
the quality of the various raw materials 
which are being used and also to 
verify that the finished articles comply 
with the various regulations. It is 
possible for packaged foodstuffs to 
become contaminated after they leave 
the factory or as a consequence of 
unsatisfactory or prolonged storage. 
A firm may, as a result of a genuine 
error, or through a deliberate fraud, 
be making a product which does not 
reach the required standard. 

The Public Analyst and the inspec- 
tors who collect samples from the 
retailers not only protect the health of 
the public by looking for harmful con- 
tamination in food but also provide 
a deterrent against the fraudulent 
addition of worthless materials. The 
analyst has to decide whether water 


has been added to milk or whether the 
cow is producing milk of low quality. 
He has to give his opinion as to the 
nature of the artificial colouring in 
butter —is it on the prohibited list? 
With canned food he will determine 
the amount of contamination by the 
metal container — is it excessive and 
likely to cause harm? He will examine 
a sample of sausage to find whether 
the proportion of fat and lean meat is 
within the prescribed limits and 
whether any prohibited flavouring or 
preservative has been added. 

In carrying out his analysis, the 
analyst will determine whether the 
sample contains what is stated on the 
label and whether the proportions of 
the various, constituents fall within the 
limits laid down in the regulations. 
He will also look for the presence of 


The Karl Fischer method for measuring traces of water in samples is one of the many special 
techniques used by the Public Analyst. Moisture in stored grain and flour can cause deteriora- 
tion, so samples are checked for water content using this apparatus. 
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any harmful material. 

The Public Analyst looks after the 
health and well-being of the public 
in other ways as well. He examines 
water and also the effluent from 
factories and sewage disposal works. 
He will check that there are no harm- 
ful bacteria nor poisonous salts present. 
The output of all water undertakings 
and the effluent from sewage disposal 
works is sampled and analysed regu- 
larly by chemists who work for the 
undertakings themselves. The Public 
Analyst will, from time to time, 
examine samples to confirm that all is 
well. He may also be called in as an 
expert witness in the event of a dispute. 

There is great concern these days 
over the discharge of factory waste 
into rivers. Although the factories 


Apparatus for estimating nitrogen by the 
Kjeldahl method. This method is used ex- 
tensively in the analysis of foods, drugs and 
fertilizers. 


are required to remove all objection- 
able substances from waste water 
before it enters the river, this is not 
always done very well, and here again 
the Public Analyst carries out an 
independent examination of samples 
if a firm is to be prosecuted for failing 
to fulfil its obligation in this respect. 

The Public Analyst also protects 
the farmer by analysing fertilizers and 
feeding stuffs. As with the other classes 
of material he examines, he checks 
that the manufacturers’ claims made 
on the labels are actually fulfilled by 
the samples themselves. He will also 
be looking for anything which could 
be harmful. 

Another service to agriculture which 
he performs is the examination of 
soils, in particular to find if the trace 
elements like boron and zinc are 
present in sufficient quantities. He 
will also determine the proportions of 
nitrogen, potassium and phosphorus 
in the soil. 
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In the Gerber Method for determining the fat content of milk, 11 ml. of milk ts added to 10 ml. 
of 90% sulphuric acid in the special tube. After 1 ml. of amyl alcohol has been added, the 
tube 1s put in a centrifuge rotating at 1100 r.p.m. for 5 minutes. The fat appears as an oil 
floating on the remaining liquor and its percentage is read from the scale. 


To carry out his duties satisfactorily 
the Public Analyst must have wide 
knowledge and experience in chem- 
istry, microscopy and _ bacteriology. 
In order that the opinions he gives 
may be entirely impartial, he is not 
permitted to be connected in any way 
with any trade or business in food or 
drugs in the area for which he is 
appointed. 

With the ever growing number of 
new substances, in particular new 
drugs and dyes, the analyst has to 
keep in touch with all modern de- 
velopments. In particular he has to 
learn of methods of detecting the 
presence of these substances in samples 
and where possible the means of esti- 
mating them qualitatively. 

The increasing use of radioactive 
material has given rise to additional 
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_ | EACH PEAK ON THIS 
WAVE TRACE , 
CORRESPONDS TO 
ONE COMPONENT OF 
~ <THE MIXTURE» 


’ THE HEIGHTS OF | 
HE PEAKS ARE A 


SUBSTANCE 
= PRESENT 


health hazards. A check has to be 
kept of radioactive fallout and the 
effect that this may have on foodstuffs 
like milk. During the past few years 
much greater use has been made of 
hormone weed-killers, of seed dres- 
sings and of various sprays applied to 
the growing crops. Some of these can 
cause serious contamination if they 
are not applied in accordance with 
the manufacturers’ instructions or if 
they have not been washed away 
through lack of rain. 

At the same time that these new 
substances have been discovered, so 
also have new analytical techniques 
been developed. In addition to the now 
well established methods of analysis (as 
outlined in previous articles) the 
analyst now makes considerable use of 
chromatography and spectroscopy. 


chgamatography is now widely used in analysing mixtures. The wave trace gives a 
the proportions of the various components. 
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PRESSURE cookers are tremendous 

time savers in the kitchen, en- 
abling food to be cooked in only a 
fraction of the normal time. 

Cooking time depends very much 
on the temperature of the food and 
its surroundings. For example, a piece 
of meat will take much longer to 
roast in a low oven than it will if the 
temperature is turned up. However, if 
the temperature is raised too much, 
the meat may well burn to a cinder 
instead of cooking properly. A similar 


THESE RINGS CAN 
BE SCREWED OFF 


TO ALTER 


PRESSURE 


TO MAINTAIN AN 
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Control valve. In this particular cooker, the 
pressure is regulated by these weights. 


argument applies when food is cooked 
in water. An egg will take much 
longer to cook in water at 80°C than it 
will if the water is boiling. Again, the 
time taken depends upon the tem- 
perature. 

If the temperature is taken at 
intervals during the cooking of the 
egg, it shows that the temperature 
rises until the water boils, and then 
remains constant at 100°C. Turning 
the heat up does not help. The water 
bubbles more vigorously, but the 


temperature remai 
normal atmospher 
water will only boil at ae * 
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\ 
But the boiling point of water doé> \\ 


vary with pressure. At the top ofa 
high mountain where the air_js’ rare- 
fied and the pressure less, water boils 
at a lower temperature If somehow 
the pressure of the gas’above the water 
is increased, the,boiling point rises. 

This is exaetly what happens in the 
pressure e6oker. The pressure of the 
gas ingthe vessel is raised; the boiling 
poimit of the water in the vessel is 
aised accordingly and the food cooks 
more quickly at the higher tempera- 
tures. 

Under normal atmospheric pres- 
sure (about 15 lb per sq.in.) water boils 
at 100°C. At an increased pressure of 
20 lb per sq.in. though, it boils at 
108°C. At 25 lb per sq.in. it boils at 
115°C and so on. In fact, some pressure 
cookers operate at double the pressure 
of the atmosphere. 

The pressure cooker has to be quite 
strong in design to withstand the high 
pressures. The lid has a tightly fitting 
seal so that the pressure inside can be 
maintained without leakage. 

A point of weakness is deliberately 
put in the lid as a safety device. 
Should the needle through which the 
steam can normally escape become 
blocked, without this safety device, 
the cooker would take on the sem- 
blance of a bomb. The more it was 
heated, the more the pressure would 
rise, until finally the vessel would 
explode. But the pressure cooker is no 
such lethal weapon. When the pres- 
sure builds up too much, the safety 
valve opens and allows the excess gas 
to escape 

There is a hole in the centre of the 
lid in which a weighted needle can sit. 
Cooking is started without the needle 
in place. The water boils at atmos- 
pheric pressure and the compartment 
fills with steam. A cloud of steam rises. 
The weighted needle is inserted, block- 
ing the hole. The steam cannot escape 
so the pressure builds up. The needle 
is pushed up gradually as the pressure 
increases. More and more markings 
appear on the rising needle, indicating 
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Pressure cookers are fitted with safety 
plugs which ‘pop out? when the pressure 
increases too much. 


the pressure. By adjusting the electri- 
city or gas, the pressure can be 
maintained. 

When the cooking is over, the vessel 
is placed under the cold water tap. The 
water from the tap takes heat away 
from the steam in the cooker and con- 
denses much of this steam as droplets of 
water. There is less gas (steam) in the 
vessel, so the pressure is reduced. It is 
then safe to open the cooker. 


An autoclave, an industrial pressure cooker. 


AGRICULTURAL SCIENCE 


‘ 


The pods develop on the trunk and main 
branches and are cut with a knife. A mature 
tree may bear twenty or thirty pods. 


Cocoa is obtained from the cocoa 
bean — the seed of the cocoa tree, 
Theobroma cacao. This must not be 
confused with the coconut palm, Cocos 
nucifera for the two are very different. 
Botanists usually use the word ‘Cocoa’ 
only for the manufactured product 
and refer to the plant and seed by the 
scientific name, ‘cacao’, but ‘cocoa’ is 
used here to refer to both plant and 
product. 
The cocoa tree is a native of the 
Amazon basin and other forest regions 
of central America and has been 
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cultivated in Mexico for centuries. 
The Aztecs drank cocoa in large quan- 
tities and the Spanish explorers of the 
15th and 16th centuries brought the 
habit to Europe. It is now consumed 
all over the world both as a drink and 
in the form of chocolate. . 
Cocoa-growing has spread far 
beyond America but is confined to 
within 20° of the Equator. Most of the 
crop is grown within even narrower 
limits— about 10° of the Equator. 
Only here does the climate provide the 
high rainfall and the high constant 
temperature that the trees demand. A 


sdeep, rich soil is also necessary for 


good crops. Cocoa trees require shade 
and protection from wind and, in 
their natural habitats, grow under- 
neath the tall forest trees. Cultivated 
trees are normally shaded by forest 
trees or special shade-trees but oc- 
casionally by coconut palms or rubber 
trees. The mature cocoa tree is only 
twenty or thirty feet high and con- 
sists normally of a short trunk and 
perhaps half a dozen main branches. 

Cocoa trees are grown from seed or 


The pod, which is about six inches long 
contains a white pulp and forty or so 
purplish beans. 


from cuttings. The latter method, 
however, is expensive and suitable 
cuttings are not always available. 
Much ef the World’s cocoa is grown 
by peasant farmers on small areas of 
land, although Brazil has large cocoa 
‘estates’. Several varieties of tree are 
grown and are spaced from six to 
fifteen feet apart according to con- 
ditions. The spacing is chosen to give 
the highest yield per acre over the 
longest possible time. 

Four or five years elapse before the 
trees begin to bear fruit. The pale 
flowers appear on the trunk and the 
main branches and are followed by 
the pods. The latter are the fruits and 
are yellow or red when ripe. Each pod 


After removal from the pods, the beans are fermented in bins or heaps covered with leaves. 


This helps to develop the chocolate flavour. 


Splitting the pods and extracting the beans 
ready for fermentation. 


contains up to forty beans and the 
annual yield of.a tree may be twenty or 
thirty pods. This corresponds to about 
two pounds of beans per tree, after 
drying. 

Pods are harvested normally from 
about October to December (the dry 
season in West Africa). In Ghana and 


neighbouring countries another, much 
smaller harvest is gathered in June 
and July. The pods are opened and 
the purplish beans scooped out, 
together with the juicy pulp. The 
beans are left in heaps and covered 
with leaves, or they may be put into 
boxes and left for a few days to fer- 
ment. The heat generated in the piles 
kills the beans and helps to develop 
the chocolate flavour. It is therefore a 
very important process. After fer- 
mentation the beans are dried — either 
in the sun, or indoors by use of hot air. 
The dried beans are of a chocolate 
colour and weigh about half as much 
as when fresh. Cocoa beans are sus- 
ceptible to insect pests and to mould 
and must be well protected during 
storage and transport. 


Processing the Cocoa Beans 


When the beans arrive at the fac- 
tory they are sorted and cleaned and 
then roasted for about an hour at 
about 275°F. The seed coat (husk) 
becomes brittle and the chocolate 
flavour becomes fully developed. After 
this, the beans are broken in a mill and 
the husk is removed by winnowing. 
This leaves small pieces of roasted 
bean called nib which pass into a 
crushing mill. 

The nib contains about 50% of fat, 
and when crushed turns into a thick 
liquid called mass. That destined to 
become cocoa powder is run off and 
then subjected to high pressure in a 


Diagram of cocoa and chocolate manufac- 
ture showing how excess cocoa-butter from 
one process 1s used as an essential material 
in the other. 


hydraulic press. A large proportion of 
the fat (cocoa butter) runs out as a 
golden liquid. The solid lumps re- 
maining are then ground up and 
sieved and packed for sale as cocoa or 
drinking chocolate. 

Nibs destined for chocolate manu- 
facture are ground up with sugar 
and then mixed with excess cocoa 
butter from the presses. The resulting 
thick liquid is chocolate and is run 
into moulds to solidify. Milk solids 
are added to the mixture to produce 
milk chocolate. 


The major cocoa-growing regions are within 20° of the Equator. Ghana and Nigeria, together with their neighbours, produce about one half 


of the world’s cocoa. 
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The PHOTO ELECTRIC EFFECT 


"THE photographer’s light meter 

tells him how intense the light 
is. On a dull day, the pointer on the 
meter dial will indicate a low reading, 
and on a bright day, the reading will 
be correspondingly higher. This light 
meter is working because of the 
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intensity of light in a light meter. 
But the strength of the photoelectric 
current also depends on the colour of 
light striking the sensitive surface in a 
rather peculiar way. 

Selenium is used for light meters 
because it responds to visible light. 


electric current is emitted depends on 
the wavelength of the light. 

The early experiments in photo- 
electricity were conducted with two 
copper plates (one of which correspon- 
ded to the selenium in the light meter), 
placed inside an evacuated glass bulb. 
One of the plates was illuminated, 
and the photoelectric current from 
it was measured. 

Copper is not as sensitive to light 


as selenium. In fact it does not respond 
at all to any visible light, but gives out 


- ELECTRON ei 


FROM POSITIVE __ 


This experiment shows that light releases electrons, negatively-charged particles, in the 


photoelectric effect. 


photoelectric effect. As its name suggests, 
this effect links light (photo) and elec- 
tricity. Light striking the meter pro- 
duces an electric current, by knocking 
electrons out of a plate of the sensitive 
metal selenium inside the meter. A 
flow of negatively-charged electrons 
constitutes an electric current, and in 
fact the pointer on the light meter is 
part of an instrument which registers 
current-flow, a galvanometer. 

Electrons are the loosely-bound 
parts of atoms, and the most loosely 
bound of them are not very difficult 
to dislodge. For instance, when a 
difference in electrical pressure, or 
voltage, is put across the ends of a 
copper wire, the outermost electrons 
easily become dislodged and drift 
through the wire. But it is not so 
obvious why light should do the same 
thing. 

There are several interesting fea- 
tures about the photoelectric effect. 
In the first place, the more intense 
the beam of light, the bigger the 
current of released electrons. This is 
why it can be used to measure the 
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But it does not respond to infra-red 
light i.e. to light of longer wavelength 
than visible light. All forms of light 
are wave-like disturbances, and differ- 
ent wavelengths of light are inter- 
preted by the human brain as different 
colours. The shortest visible waves are 
the waves of violet light. Indigo, blue, 
green, yellow, orange, and red waves 
have progressively longer wavelengths. 
Infra-red rays have even longer wave- 
lengths. Whether or not a_ photo- 


When a lump of potassium is bombarded 
with yellow light, no photoelectric electrons 
are released. 


a photoelectric current when even 
shorter wavelength waves, ultra-violet 
rays, are illuminating it. 

The two plates were connected, 
through a variable resistor, to a 
battery supplying a difference of vol- 
tage of a few volts, and an ammeter 
was connected to measure the current 
flowing around the circuit. Of course, 
no current flowed when the plates 
were not illuminated, for the plates 
were separated by a sizeable gap. The 
current was unable to flow across the 
gap. 

But as soon as ultra-violet light 
was beamed at the plate connected to 
the negative terminal of the battery, a 
current of a few micro-amps flowed 
around the circuit. The ultra-violet 
light had released electrons from the 
copper, and the negatively charged 
electrons had been attracted towards 
the other, positively charged, copper 
plate. They had been able to skip 
across the gap. 

If, on the other hand, the positively 


But even a weak beam of blue light ts able 
to release a photoelectric current from 
potassum..... 


charged plate were illuminated, no 
current would flow, even though 
electrons were being released. They 
would be repelled by the negative 
plate, and so would be unable to 
jump across the gap in the circuit. 


wave-length where shorter waves will 
produce a photoelectric effect, no 
matter how weak they are, and longer 
wave-lengths, no matter how intense, 
will not. For instance, the threshold of 
potassium is at a point in the green 


The infra-red image converter turns in- 
visible infra-red rays into light rays by 
the photoelectric effect. Although infra-red 
rays do not affect the eye, they release 
electrons in a photoelectric cell. The electrons 
are accelerated, amplifying their energy. 
They strike a fluorescent screen, producing a 


visible image. 


NO IMAGE ON 
RETINA OF EYE 


In the dark no visible rays reach the eye, 
so nothing can be seen. However, invisible 
infra-red rays are coming from the object. 


INVISIBLE 
INFRA-RED 
RAYS 


OBJECT 


OBJECT 


INVISIBLE 
INFRA-RED 
RAYS 

As the beam of ultra-violet light 
was intensified, the current intensified 
too. But as soon as the wavelength 
was lengthened, so that visible light 
hit the plate, the current stopped. No 
matter how intense the beam of 
visible light, no current at all would 
flow. 

This kind of behaviour is not limited 
to copper. Every single metal has 
what is called a threshold, a limiting 


... while a stronger blue beam releases a 
larger current. The threshold for potassium 
lies in the green part of the spectrum. 
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part of the spectrum. Blue light will 
produce a photoelectric effect, while 
yellow light will not. 

Each metal has a different threshold, 
and this is hardly surprising, for the 
electrons are bound to the metals by 
differing forces. Electrons in some 
metals are easier to knock out than 
others. An electron is knocked out 
because it is given some extra energy 
by light rays, sufficient to overcome 
the forces which bind the electron to 
the metal. Because shorter wave- 
lengths are better at knocking elec- 
trons out than longer wave-lengths, 
the short wave-lengths of light must 
have more energy. The amount of 
energy carried by a light beam de- 
pends on the wave-length and also on 
the intensity of the light beam. So it 
might be reasoned that the electrons 
could be given just as much energy by 
an intense long wave-length beam as a 
less intense short wave-length beam. 
However, the photoelectric electrons 
did not behave like this. 

Their queer behaviour led scien- 
tists, notably Albert Einstein, to argue 
that light could not be made up of 
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RAYS FROM 
SCREEN 


FLUORESCENT SCREEN 


continuous waves. It must arrive as 
separate bundles of energy, the 
amount of energy in each bundle de- 
pending on the wave-length of light. 
One bundle of light knocks out one 
electron, if it has sufficient energy. If it 
has less than the threshold, it cannot 
knock out the electron and, because 
light bundles are separate things, 
they cannot join forces to knock 
out a single electron. 

It does not matter how many lower 
energy bundles strike the surface. 
They cannot knock a single electron 
completely clear. When the energy 
of the individual bundles is above 
the threshold, then each bundle will 
be able to knock out one electron. The 
more intense the beam, the greater 
the number of bundles, the more 
intense the photoelectric current. 
Materials like selenium are used for 
light meters because they have a fairly 
low threshold. All visible light bundles 
have enough energy to free their 
electrons. It is possible to make 
materials sensitive even to infra-red 
light, by specially coating their sur- 
faces. If the metal caesium is oxidised 
in a special way and deposited on a 
thin layer of silver, the whole surface 
structure is altered, and only a small 
amount of energy is needed to knock 
out an electron. So this kind of sub- 
stance can be used in instruments to 
record invisible infra-red light. 
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GEOMORPHOLOGY 


HOW MOUNTAINS 


ARE 


HE emergence of a mountain chain 
involves a great deal of distur- 
bance of the Earth’s crust. It is not a 
sudden event but the culmination of 
a long sequence of happenings which 
is called the Orogenic Cycle or the Cycle 
of Mountain Building. The crust of 
the Earth can be divided into two 
parts. First there is an upper layer 
that varies in thickness from next to 


Floating ice-bergs illustrate the principle of 
isostasy. The more there is above the water, 
the greater the volume below. 


nothing under the deep oceans to 
about 20 miles thick under the highest 
mountain ranges and about 7 miles 
thick under the plains near sea level. 
This part is granitic in composition 
and has a density of about 2:7 times 
that of water. It is often called szal, a 
name taken from silica and alumina, 
which are the two most common 
minerals found there. 

The lower part of the crust is made 
up of dark basaltic types of rock which 
are about 3 to 3:4 times as dense as 
water. Silica and magnesium are the 
two most abundant minerals in this 
zone and the rock is thus called sima. 
Below the sima is the mantle —a thick 
layer of even denser rock. 

Although the sima is strong and 
rock-like it acts as if it were a fluid and 
the less dense sial ‘floats’ on it. When 
anything floats in a liquid there is a 
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balance between the height, or amount 
of material above the surface of the 
liquid and the amount below. Ice- 
bergs are good examples of this 
equilibrium which is called isostasy. 
The granitic masses try to keep an 
isostatic balance when floating on the 
basaltic layer. Continual erosion, plus 
the rigidity of the rocks concerned, 
however, make it impossible for a 
perfect equilibrium to be maintained, 
though adjustments are continually 
being made. The coast of Norway and 
the islands of the Hebrides, for ex- 
ample, have risen by many feet during 
the last few thousand years as is 
shown by the presence of raised beaches. 
This is probably an adjustment for 
the disappearance of the huge weight 
of ice that was present during the 
Ice Ages. 


warped crust, so that the sediments 
often have lava flows and volcanic 
ashes mixed up with the other material. 
This type of trough is called a geo- 
syncline, a name which indicates its 
trough-like nature as well as the large 
area that it covers. 

While the trough is filling, all the 
land masses from which the sediments 
came are getting lighter and so iso- 
static balances need to be adjusted. 
The basalt layer beneath the land 
masses pushes upwards and lifts them. 
More sediment is then made available 
for deposition in the geosyncline. 

For many millions of years the first 
phase can continue, but sooner or 
later the piling up of the basaltic layer 
at the sides of the geosyncline, to- 
gether with the need for isostatic 
balance under the sediments in the 
trough lead to the onset of the second 
stage. 

The second stage of mountain 
building is the compression of the 
sides of the geosyncline. The enclosed 
mass of rock is folded and buckled 
and at the same time the whole is 
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Mountain ranges and lowland plains behave in the same way as large and small ice-bergs 


and tend to ‘float’ on the denser material below. 


The Mountain Building or 
Orogenic Cycle 

The first stage in the cycle is the 
formation of a large, slowly sinking 
area of sea bed. The sediments 
brought down by rivers and floods 
from the land are laid down in the 
developing trough so that the area 
never becomes too deep nor does it 
silt up completelv. During the early 
stages of this sinking there may be a 
considerable amount of volcanic ac- 
tivity, helped by weaknesses in the 


Diagrams to illustrate the theory of geosyncline formation. 


uplifted out of the ocean as a new 
mountain range. As the compression 
takes place the newly uplifted rocks 
are forced to overlap the sides of the 
geosyncline in what are known as 
overthrusts and they may ride over the 
compressing rocks for many miles. At 
the same time the lowest sediments get 
squeezed into a ‘root’ for the mountain 
mass. The heat and pressure of the 
earth movements alter many of the 
rocks and they are then known as 
metamorphic. The changes taking place 


ait 


The first stages Of 
the orogenic cycle. 
Sediments accumulate 
in the sinking trough 


The trough fills at the 
expense of the rising land 
surrounding it. 


ride ee ng 
tains gradually rise to 
regain balance. 


in the second stage cause a new area of 
subsidence to occur at the sides of the 
old geosyncline and the new moun- 
tain mass starts to erode and fill in 
these new areas in the same way as in 
stage one. This is the third stage of the 
cycle. This repetition of the cycle may 
occur two or three times before the 
whole orogenesis is complete. 

Causes of Orogenesis or 
Mountain Building 

The existence of the enormous forces 
needed to cause the downwarping of 
the crust over thousands of square 
miles and to buckle and fold rocks, as 
well as lift them to great heights calls 
for some explanation. Many theories 
have been put forward. It used to be 
thought that the cooling of the Earth 
was the main cause of mountain 
folding by reason of contraction, but 
that could not explain the continued 
action now. 

The most likely cause of orogenesis 
would be convection currents within 
the Earth. The lower crust acts like 
a fluid, and the same is true of the 
mantle rocks below the crust. If there 
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is a hotter area deep within the Earth 
there will be a rising current of hot, 
molten rock. This would be extremely 
slow because the rocks, though acting 
like fluids, are harder than steel and 
so the current would take centuries to 
move round. Although so slow, these 
currents would still exert a terrific 
force on the crust above. As a result, 
where two such currents met in the 
cooler areas and turned down towards 
the core of the Earth again they would 
tend to ‘suck’ down the surface and so 
cause a trough to develop. This would 
become the geosyncline. Eventually, 
as the areas of relatively hotter material 
shifted to other parts, the current 
would gradually lessen and stop. This 
would enable isostatic balance to be 


readjusted (as in stage two of the oro- 
genesis). Thus the mountain ranges 
would rise like scum on the top of very 
thick, boiling jam. 

Example of Orogenic Areas 

The explanations given here are 
based on detailed study of many 
mountain ranges and most suitably 
explain the known facts. In the earliest 
days of the Palaeozoic Era (the first of 
the great ages of fossils) a geosyncline 
developed over much of what is now 
Wales. More than 30,000 feet of de- 
posits built up over many millions of 
years. Most of the deposits were clearly 
laid down in shallow water thus prov- 
ing the subsidence of the trough. All 
the stages can be traced in the types of 
rock found (mostly slates, sands and 
grits) and all the volcanic areas can be 
traced. The final stage was the for- 
mation of the Welsh mountains, ori- 
ginally much larger than they are 
today. 

The most recent of the mountain 
areas to be built was the great system of 
mountains that stretch right across 
Europe and through the Himalayas 
and down to the Java Sea. This last 
mountain-building episode is often 
called the Alpine Orogenesis because it 
has been studied most carefully in 
the Swiss Alps. 

This orogenic area is still active in 
places. Where the mountains over- 
thrust southwards into Africa, Italy, 
Greece, Iran and the East Indies there 
are still many earthquakes and vol- 
canoes. The recent tragedies of Agadir, 
Skopje, and Bali are all along this 
front of the old geosyncline. Further- 
more, the area is bordered by a geo- 
syncline in the island area of the East 
Indies. 

If all recent earthquakes were to be 
marked on a map of the world and 
compared with the mountain ranges 
the truth of the statement that the 
Alpine orogenesis is still with us 
would be amply borne out. 


The Alpine orogenesis 1s marked and the positions of many recent earthquakes and volcanoes 


show how unstable the southern foreland 1s. 
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T a television transmitting station 
successions of bursts of electric 
current are fed into the transmitting 
aerial. These set up trains of electro- 
magnetic waves that pass . through 
space at the speed of light until they 
strike a receiver aerial. The waves 
induce in the receiver aerial bursts of 
current that are replicas of the original 
transmission. These are fed into the 
television set where they are amplified 
and eventually used to produce the 
picture on the screen. 
‘A similar process occurs 
sound broadcasts are made. 


when 
Both 


sound and vision broadcasts depend 
upon the receiver aerial’s picking up 
the transmitted signal. What is not 
commonly realized is that both tele- 
vision and sound receivers themselves 
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a large block have a television set 
(provided of course, that the set is 
switched on when the van is in the 
vicinity). 

The signals originate from elec- 
tronic circuits in the television set. 
Whenever an electric current passes 
through a conductor, a magnetic field 
is set up about the conductor. A coil 
of wire can thus act as a magnet when 
a current is passed through the 
windings. When an alternating (to- 
and-fro) current is passed through the 
winding a fluctuating magnetic field 
(originating from first a ‘North pole’ 
and then a ‘South pole’ at one end of 
the coil) is set up. If the fluctuating 
magnetic field intercepts another con- 
ductor it induces an alternating cur- 
rent in it. 


VV 


In the newer method, fluctuations in the magnetic field around the coil of the frequency 
changer circuit set up wave trains. These are picked up by the rotating aerial on the detector 


car. 
transmit radio waves. If the dial of a 
sensitive radio set is adjusted in the 
vicinity of a television set, a number of 
‘whistles’ will be picked up. These will 
have originated from the television set. 

It is tell-tale signals like this that 
can give away the operator of a tele- 
vision set. Using detector cars or vans, 
and checking with their records, the 
licensing authority (the G.P.O. in the 
United Kingdom) is able to pick out 
the offender. The equipment has now 
been developed to such a degree of 
refinement that, using portable sets, it 
can be discovered in which room the 
set is being used, and even to which 
programme the set is tuned. This is 
very useful for detecting which flats in 
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In a television set there are a 
number of circuits that feed coils 
with fluctuating electric currents, so 
that each of these coils acts as a 
source of fluctuating magnetic field. 
When the field fluctuates, electro- 
magnetic waves are transmitted by 
the coil and can be picked up and 
detected by an aerial. 

For example, there is in every tele- 
vision set a circuit, the line deflection 
circuit, that produces, at regular inter- 
vals, current bursts that make the 
electron beam in the tube travel back 
and forth to ‘scan’ the face of the tube 
(i.e. the screen). Electromagnetic 
waves given out by this circuit have 
been used for many years to detect the 


A television transmitter sends out electro- 
magnetic waves that strike the receiver and 
induce currents in the aerial. These currents 
are amplified in the set and used to produce a 
picture on the screen. 


presence of a television set in opera- 
tion. 

Aerials were mounted on the front 
and rear of a van and the signals 
received by each aerial were fed, in 
turn, to a sensitive radio receiver. 

When the front of the van was near 
to a set in operation a signal was picked 
up by each aerial, but the signal from 
the front aerial was bigger than that 
from the rear aerial. When the van 
was outside the house containing the 
television set the signals received by 
each aerial were of equal size, so the 
position of the set could be detected. 


This system worked well for a 
number of years, but has had to be 
replaced, for a variety of reasons. 
Among these are the great increase in 
the number of sets in use and the 
introduction of a second T.V. channel. 
The line deflection signals picked up 
from the two channels differ slightly 
in frequency, and as a result, the 
peak of one wave may cancel out the 
trough of another wave, in one place, 
and may add to the peak in another. A 
pattern of reinforcements and can- 
cellations is created, making exact 
‘fixing’ of the point of origin of either 
wave very difficult. 

A more recent detection methg 
depends on picking up waves of m 
higher frequency than the 
method. These are radiated 
oscillator coil of the frequen 
the set. The television g 


cathode ray tube. 


mitted by the broadcg 
consists of trains of 


s of times each 
e trains are dis- 
it is the distortions 


second. These 
torted in size 


ture. The signal cannot 
‘by the amplifiers in the 


to reduce the frequency of the 


SCANNING 
COILS 


up by the detector van. The metal 
parts of the television receiver — the 
chassis and the turret that contains the 
oscillator — act as an ‘aerial’ for the 
signal. 

The signal produced by this ‘trans- 
mitter’ is very weak indeed compared 
with the signal picked up from the 
programme transmission, so a very 
sensitive radio receiver is used to pick 
it up in the detector van. The receiver 
feeds the signal to the amplifier circuit 
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In the older method, the radiation from the line scanning coils was picked up by the aerial 
on the van. By comparing the signals picked up by each aerial the position of the set was 


Sound. 


signal so that it can ‘hand over’ the 
information it contains. 

This is done by mixing a train of 
electrical signals, of steady frequency, 
in with the signal received by the 
aerial. If the frequency of these sig- 
nals is different from that received at 
the aerial, then the result of mixing 
he two signals is to produce a new set 


eof electrical impulse trains at a fre- 
sy quency equal to the frequency differ- 


ence of the two original signals. 

The second train of signals is pro- 
duced by an oscillator, and it is radia- 
tion from this oscillator that is picked 


attached to a cathode ray tube. On 
the detector van there is an aerial 
that can be rotated. When it points in 
the direction of the live set, a ‘blip’ 
appears on the screen and the aerial 
is slowly rotated until the blip reaches 
its maximum size. To help indentify 
the building accurately a periscope is 
coupled to the aerial and moves with 
it. The view finder of the periscope 
presents an image of the building to 
which the aerial is pointing. 

Using this equipment the exact 
position of a set in operation can be 
found. 
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FAMOUS SCIENTISTS 


JOSEPH PRIESTLEY 


OSEPH PRIESTLEY was born 
near Leeds in 1733 and worked in 

an era when alchemy was beginning to 
be discredited and replaced by logical 
scientific thought. Previously, chemical 
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Some apparatus used in Priestley’s lab- 
oratory. 


enquiry had been prompted by the 
dream of making gold from substances 
of little value and very little true 
chemistry was known at the time. 

Priestley and his contemporaries, 
Lavoisier, Black, Scheele and Caven- 
dish took part in the amassing of fact 
and preparation of many new chemi- 
cal substances. As has happened so 
often in the history of science, several 
times their work overlapped and was 
duplicated when two people produced 
the same result quite independently. 
For example, Priestley and Scheele 
both laid claim to the discovery of the 
gas now known as oxygen. 

Many chemical laws were later 
derived from the bank of chemical 
knowledge these men helped to build 
and a general picture of chemistry 
began to evolve. 

Priestley is chiefly remembered for 
his work with gases. Air and its life- 
giving qualities were his chief interest. 
He experimented with mice, putting 
them in a confined air space to dis- 
cover how long they would live. He 
noted that after a mouse had died a 
candle would not burn in the air 
remaining. But ifhe kept a plant in the 
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‘used air’ somehow the air seemed to 
revive and the candle could burn 
again. This was the first record of the 
reaction now known as photosynthesis, 
but Priestley failed to notice that sun- 
light was an essential factor in the 
‘revival’ of the air. 

In 1774, Priestley made and collec- 
ted a sample of reasonably pure oxy- 
gen by covering some red mercuric 
oxide with an airtight glass dome and 
heating it with a burning glass. He 
noticed that a candle burned very 
brightly in the new gas and a mouse 
could survive much longer in a jar of 
it than it could in the same sized jar of 
air. Priestley even tried sniffing the 
gas himself to discover what effect it 
Pad. He said he felt full of energy and 


his lungs felt soothed. Perhaps the gas 


would be useful in Medicine. 

It is surprising that with this 
accumulation of data, Priestley did 
not realize that his gas obtained from 
the red powder was the life-giving 
component of air. Instead, he clung to 
the phlogiston theory. He thought 
that when substances burned, they 
gave out phlogiston which was ab- 
sorbed by something else. Things 
could burn in air because the air was 
not saturated with phlogiston and 
could accept some more. When the air 


t 7 : 
Joseph Priestley (\¥733-1804). 
became saturated, it would no longer 
support burning. 

In 1772 Priestley published an im- 
portant paper called ‘Observation on 
Different Kinds of Air’ describing in it 
the laboratory preparation of several 
new gases including nitrous and nitric 
oxide, nitrogen, nitrogen dioxide and 
hydrogen chloride. The insoluble gases 
he collected over water, and those 
which were soluble in water, he collec- 
ted over mercury. His ‘shelf? used in 
gas collection is the fore-runner of the 
beehive shelf used in the laboratory 
today. 

Although he was somewhat con- 
servative in his scientific views, his 
political views were the opposite. His 
violent support of the French Revolu- 
tion incited a Birmingham mob to 
pillage his house and hold it to seige 
for three days. 

Joseph Priestley, scientist and non- 
conformist minister died in 1804. 


Part of Priestley’s laboratory. The gases given off by the substances being heated in the 
fire and by the candle are collected over mercury. 


MATHEMATICS 


GRAPHS 


A GRAPH is often the most convenient way of showing 
how things vary. For instance, patients’ temperatures 
are plotted at regular intervals in hospitals, on graphs with 
temperature along one axis (usually the vertical one) and 
time along the other axis. It is far easier for the doctor to see 
how the temperature is varying from a graph, than it 
would be if he were presented with a table of figures. 
In this example, the patient’s temperature is varying 


for each point on the paper. 
__Only two are necessary. 


~ x NEGATIVE 
y POSITIVE 


x NEGATIVE 
y NEGATIVE 


x POSITIVE 
y NEGATIVE 


Patient's temperature (along the vertical axis) is being plotted 
against time (along the horizontal axis). It is unnecessary to start 
the temperature scale at zero, for the patient’s temperature will 
never drop as low as that. 


with time. Two varying quantities are an essential feature 
of most graphs, and in fact the job of the graph is usually to 
show how one quantity varies when the. other quantity 
varies. 

When the temperature of a gas is varied in a laboratory 
experiment, it is found that the pressure and volume of the 
gases vary too. The ordinary graph cannot cope with three 
varying quantities at the same time, so the usual procedure 
is to keep one of them (e.g. the volume) exactly the same 
while the other two (the pressure and the temperature) are 
being investigated. 

If a gas like hydrogen or helium is being heated, and at 
each different temperature the pressure is measured, the 
results, plotted on a graph, should lie on a straight line. 
When this happens the pressure is directly proportional to the 
temperature. 

In another similar experiment, the temperature is kept 
exactly the same throughout the experiment, while the two 
other quantities, volume and pressure, are plotted against 
each other on a graph, but the results will lie on a curve, 
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Pressure is obviously not directly proportional to volume. 
In the experiment, it would be found that the volume 
actually decreased as the pressure increased. This gives a 


clue that pressure might be proportional to 5) or 


inversely proportional to the volume. It is easy to see if this is 
so by plotting the results on a graph, with pressure along 


EQUAL VERTICAL 
STEPS 


one axis and —- along the other axis, for the readings 


do then lie on a straight line. 
Graphs have many other important uses. Two things t t EQUAL HORIZONTAL STEPS” 
that can be found directly from the graph are the ‘area 
under the graph’ and the slope, or gradient, of the graph. | 
Both these are important in the branch of Mathematics 
called calcyly Two things are directly proportional when equal steps on one 
correspond to equal steps in the other. 
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_ varied by altering the pressure. 
results lie on a curve. — ine 


Above: most of the graph paper is being 
wasted. Below: the axes should be drawn 
in where they are most convenient. 


Above : 

Points obviously lying on a curve should 
not be joined with straight lines. 

Below : 

They should be joined to form a smooth 
curve. 
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The inverse square law for 
static electric charges. 


The graph when distance is plotted 
against deflecting force. 
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Force plotted against discance apart 
Still no straight line. 
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A straight line results, so force is 
inversely proportional to the square 
of the distance apart. 


Above: 
Scales should not change half-way. Other- 
wise an odd bend may result. Below: 
The units on the scale should be easy to 
use, and the scale written down somewhere 
on the paper. 


Above: 

Points should not be marked with large, 
messy splodges. 

Below : 

They should be marked with a sharp pencil, 
preferably with a cross. 


| APPLIED SCIENCE | 


PURE WATER BY ION EXCHANGE 


AP water may contain compara- 
tively large quantities of many 
other substances as impurities. Carbon 
dioxide, and, in industrial areas, hy- 
drogen sulphide and sulphur dioxide 
in the air become dissolved in rain 
as it falls. In some areas too, mineral 


salts (e.g. calcium bicarbonate and 
magnesium sulphate) dissolve in the 
rain water as it percolates through the 
ground. 

Although tap water is contaminated 
in this way, it is often sufficiently pure 
in this form and can be used for many 
purposes without further treatment. 
In fact, the presence of certain 
minerals in drinking water is bene- 
ficial. There are, however, a number 
of instances in which it is essential 
that the impurities are removed. In 
the manufacture of chemicals and 
pharmaceuticals, for instance, the pro- 
cess water must be of high purity. So 
too must the water which is used in 
many branches of scientific research. 

There are distinct advantages to be 
gained from using pure water in other 
circumstances even if it is not abso- 
lutely necessary. For instance, the 
formation of boiler scale is virtually 
eliminated by using pure water, while 
the amount of soap used in laundries 
can be reduced considerably if the 
calcium and magnesium salts have 
been removed from the water used. 

For many years the accepted way 
of purifying water has been to distil it. 
In this method the water is converted 
into steam which condenses in a 
separate vessel to yield ‘distilled 
water’. Most of the impurities, in 
particular the mineral salts, are left 
behind in the flask, though there is a 
risk of gases dissolved in the water 
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being carried over with the steam. 
Clearly this method of separating 
water from a comparatively small 
amount of contamination requires a 
lot of fuel and is uneconomic. 

A more logical way of tackling the 
problem is to remove the impurities 


IMPURITY 


DEION 
REMOVED WATER 


from the water just as suspended 
solids may be removed from a liquid 
by filtration. This is achieved in a 
rather ingenious way by using Jon 
Exchange Resins. These resins, which 
are insoluble in water, are complex 
organic compounds. Some of them 
are acids while others behave as 
alkalis. Since they are insoluble they 
may be mixed with one another 
without any chemical change taking 
place. 


RAW WATER 
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All the salts dissolved in tap water 
dissociate to a greater or lesser extent 
into ions; molecules of magnesium 
sulphate split up into magnesium 
ions and sulphate ions while calcium 
bicarbonate yields calcium ions and 
bicarbonate ions. When tap water 
flows through a column containing a 
mixture of the two different types of 
resin, the free ions in solution undergo 
exchange with the hydrogen and hy- 
droxyl ions of the resins. Thus the 
positively charged metallic ions such 
as magnesium and calcium exchange 
places with the hydrogen ions of the 
acidic resin. As a result the water 
contains hydrogen ions where pre- 
viously there had been metallic ions. 
At the same time insoluble metallic 
salts of the acidic resin are formed. 

In a similar process with the alka- 
line resin, the sulphate and bicarbon- 
ate ions in solution are replaced by 
hydroxyl ions from the resin. In this 
double decomposition reaction the 
insoluble alkali resin is slowly con- 
verted into insoluble salts of the acids 
corresponding to the acid radicals 
previously in solution. 

The processes which are carried 
out in the resin column are known as 
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While the deionizer is in use (1), metal- 
lic ions in the water are exchanged for 
hydrogen ions in the cation column. 
Acid radicals displace hydroxyl ions 
from the anionic resin. When the 
resins are exhausted, the column 


packing is loosened by reverse flushing 
with water (2). The resins are regenera- 
ted (3) by passing acid to the cation 
column and alkali to the anion column. 
The excess regenerants are then 
rinsed out with water (4). 


Deionized water has a much higher resist- 
ance (3,000,000 ohm|c.c.) than ordinary 
distilled water (200,000 ohm|c.c.). 


deionization because they remove the 
contaminating ions and replace them 
with hydrogen and hydroxyl ions 
which combine one with the other 
instantaneously to form water. 

Since the ion exchange processes 
are rapid, the rate of flow of tap 
water through the: packed column can 
be quite high. But not only can large 
quantities of deionized water be made 
available quickly, they are far cheaper 
than equivalent quantities of distilled 
water. Furthermore portable ion ex- 
change equipment is very convenient 
in remote places when pure water is 
required. A complete ion exchange 
unit capable of supplying 100 gallons 
of water weighs only 25 lb, whereas 
2,000 lb of equipment and fuel is 
needed in making the same amount of 
pure water by distillation. 


3-RECHARGING 
CYCLE 


AMMONIUM 
HYDROXIDE 


Very pure water such as is produced 
by a fully charged deionizer contains 
very few free ions and because of this, 
its electrical conductivity is very low. 
In contrast, ordinary tap water with 
its relatively high concentration of 
metallic ions is quite a good conductor 
of electricity. 

When tap water flows continuously 
through a resin column, the resin be- 


comes less effective in deionizing the 
water. In consequence the proportio 
of ions remaining in the effluent rises 
as does the conductivity. The quality of 
the deionized water can, therefore, be 
checked continuously by measuring 
its conductivity. 

When the conductivity of the eff- 
luent becomes too high, the exhausted 
resin has either to be replaced by fresh 
resin or regenerated. Regeneration is 
the reverse of the process for deionizing 
the water. By passing concentrated 
hydrochloric acid over exhausted aci- 
dic resin the free hydrogen ions in 
solution enter the resin in place of the 
calcium and magnesium ions. Like- 
wise, the alkaline resin can be regen- 
erated by washing a strong solution of 
ammonium hydroxide through the 
column. In this instance the hydroxyl 
ions displace the sulphate and _ bi- 
carbonate ions from the resin. 

In general deionized water is far 
purer than water which has been dis- 
tilled, and this can be demonstrated 
by passing previously distilled water 
through an ion exchange column and 
noting the reduction in the conductiv- 
ity. 

Because deionized water is such a 
good insulator (poor conductor) it can 
be used in place of the more conven- 
tional insulator (oil) in transformers. 


The purity of water which has been 
treated with ion exchange resins is now 
officially recognised in the British Phar- 
macopoeia (the list of drugs together 
with the instruction for their use which 
is issued to pharmacists). It may be 
used as an alternative to distilled 
water, when purified water is pre- 
scribed or demanded. However 
neither is suitable for injections. 


Deionized water 
can be produced 
more rapidly and 
at less cost than 
distilled water. 
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PALAEONTOLOGY 


TRILOBITES 


"THESE extinct animals were the 

dominant creatures of the Cam- 
brian seas about 500 million years ago. 
From the early species, many others 
evolved and reached a peak in the 
Ordovician Period. They were still 
important in Silurian times but only 
a few species survived after then. The 
latest trilobites lived during the Per- 
mian Period, about 220 million years 
ago, after which they disappeared for 
ever. 

The trilobites form a distinct class of 
the jointed-limbed animals (the Ar- 
thropoda). The name of the class is 
Trilobita, after the way in which the 


body appears divided into three lobes 
by two grooves running along its 
length. Like the other arthropods, 
trilobites had an external skeleton. It 
was probably horny, and, at least on 
the upper surface, heavily impreg- 
nated with calcium carbonate. 
Trilobite fossils are often found 
only as fragments but a complete 
specimen will show that as well as the 
three longitudinal divisions, the body 
had three divisions in the other direc- 
tion. At the front end is the semi- 
circular or triangular head-shield. The 
central part of the head-shield is 
raised and is known as the glabella. It 
is continuous with the axis of the rest 
of the body. Running across _ the 
glabella there are usually a number 
of grooves or furrows that indicate 
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a segmented origin for the head. The 
furrows are usually prominent in the 
earlier trilobites but gradually disap- 
peared, as the later onces evolved. 
Some of the most advanced species 
have no furrows at all. The outer 
parts of the head-shield are known as 
cheeks and in most species they bear the 
eyes. Each cheek (if eyes are present) 
is traversed by a fine groove called the 
facial suture. The head-shield freq- 
uently has a broad, flat border around 
it, that curves underneath the head. 
The glabella may or may not reach to 
the front of the head-shield. The hind- 
angles of the shield are often prolonged 
into spines. 

Behind the head is the thorax which 
is made up of a number of segments. 
In general, the early species had 
more thoracic segments than the 
later ones but Agnostus and similar 
species are obvious exceptions. The 
central parts of the segments form the 
axis while the lateral parts are called 
pleurae. In life, the segments were 
free, enabling the animals in some 
cases to roll up rather as a woodlouse 
does. 

The third body division is the 
pygidium or tail. It is not present in 
some of the primitive species but in 
some Ordovician species (e.g. Asaphus) 
it is very large. The pygidium is made 
up of segments rather like the thorax 
but the segments of the tail are all 
fused together and not moveable. It is 


Calymene, a common type of trilobite, 
Jossilised in a piece of limestone. 


still divided into axis and pleurae but 
the axis may not reach to the end. 

The majority of fossil trilobites do 
not give any indication of limbs but 
from some rocks, geologists have 
obtained trilobites showing the under- 
surface and its limbs. Careful sec- 
tioning of rolled-up trilobites has also 
shown the limb structure. Every seg- 
ment except the last had a pair of 
limbs. The first pair of limbs or 
appendages were long filaments or 
antennae. The others were all forked 
—one part being fringed with bristles 
—and were no doubt used for moving 
about. The bases of the head-limbs 
were toothed and presumably acted 
as jaws. The flattened shape of the 
trilobites and the position of the 
eyes on top of the head suggests a 
bottom-living life on the whole al- 
though they could no doubt swim 
with their many limbs. 


A representation of a living trilobite and one of its legs removed to show the double structure. 


ELECTRICIT. 


y.* PENDULUM clock keeps accur- 

ate time if its pendulum takes an 
exact number of seconds or a simple 
fraction of a second to swing from side 
to side. Many smaller watches and 
clocks rely for their time-keeping on a 
delicately balanced wheel which 
swings round and back, again execut- 
ing an exact number of vibrations each 
second. In fact, a necessary part of all 
clocks and watches is something which 
oscillates regularly, and in which the 
number of oscillations each second 
does not vary year in, year out. 

In most countries, electricity is sup- 
plied as an oscillating current. (It is 
more usual to call it alternating current, 
or A.C.). In Britain, the mains supply 
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THAT CLOCK IS GOING 
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MINUTE WHEEL 


alternates to and fro fifty times each 
second, and in the United States, the 
frequency is sixty times each second. 
But whatever the frequency of the 
current, the important point as far as 
electric clocks are concerned is that 
the frequency does not change at all. 
The regular oscillations of the current 
take the place of the regular oscilla- 
tions of the pendulum or balance 
wheel. 

The mains electricity supply is con- 
nected to an electric motor. This is a 
special kind of electric motor, a 
synchronous motor, where the rotating 
part (the rotor) is made to spin round 
with exactly the same frequency as the 
electricity supply. In a clock designed 


Electric Motors 


In all electric motors, the moving 
part, or rotor, spins in the middle of a 
set of magnets. In most motors, the 
magnetic fields around the rotor are 
provided by electromagnets, pieces of 
soft iron with coils of wire — 
round them. When currents flow 
around the coils, they behave like mag- 
nets, and can attract or repel other 
magnets. 


The rotor, is attracted or repelled 


SECOND 
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TOOTHED 
GEAR WHEEL 


If this worm gear spins round fifty times 
each second, the toothed wheel with 
twenty-five teeth spins round only 
twice each second. Gears like these are 
used in electric clocks to change the 
motor frequency into the much lower 
frequency needed by the hands. 


SYNCHRONOUS 
ELECTRIC MOTOR 


THIRD WORM 
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SECOND WORM) 
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to work in Britain, this would be fifty 
rotations per second. On the end of the 
rotor is a worm gear, and various other 
toothed and worm gears fit on to this. 
Their job is to turn the fifty rotations 
per second on the worm gear into the 
less frequent rotations needed ‘to work 
the hands of the clock. For instance, 
the second hand must rotate once per 
minute, or once for every 3,000 rota- 
tions of the rotor (i.e. 60 seconds x 50 
cycles per second). The minute hand 
rotates sixty times slower than this. 


by the stationary electromagnets sur- 
rounding it. The electromagnets are 
complicated further when they are 
supplied with alternating current. The 
magnetic fields around all the electro- 
magnets change their direction each 
time the current changes its direction 
of flow. In a synchronous motor, the 
only way the rotor can move under 
these circumstances is by following 
exactly the changes in the alternating 
current — i.e. rotating with exactly the 
same frequency. 
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BIOLOGY 


A simplified family tree 
of the back-boned ani- 


group is believed to have 
evolved from a common 
stock. 


HE idea that living things have 
evolved (i.e. the more complex 
have developed from the simpler ones) 
is quite ancient and was first put for- 
ward by the early Greek philosophers. 
It has, however, always been opposed 
to a greater or lesser extent by the 
supporters of the theory of special 
creation. These people held that the 
many kinds of animals and plants 


A possible evolutionary tree of the inverte- 
brates. Most of the connections are merely 
theoretical. 


VERTEBRATES 


ARTHROPODS 


mals showing how each — 


were created by some super-natural 
force and have continued without 
alteration. Cuvier, the famous French 
biologist, (1769-1832) examined 
numerous fossils and found that most 
of them were of types no longer living. 
This led him to the theory of Cata- 
strophism in which he stated that there 
had been several special creations 
throughout the Earth’s history and 
that each had been wiped out by some 
further catastrophe. The theories of 
special creation still have their sup- 
porters but have now been discarded 
by the scientific world. Evidence 
collected from various branches of 
biology has been put together to form 
what is known as the general theory of 
evolution. The evidence is not indis- 
putable but the theory is the one that 
best fits the available facts. 

In order to accept the idea of evolu- 
tion we must first assume that living 
organisms originated from non-living 
matter a long way back in time. 
Exactly how this may have happened 
is one of the problems of biology. 
Acceptance of the idea of evolution 
also implies that life arose only once 
and that all forms come from this one 
spontaneous generation. This ofcourse, 
cannot be proved, but Pasteur showed 
that bacteria cannot be created other 
than from bacteria already present. It 
is possible, however, that smaller units 
of life— more akin to viruses — may 
have been produced more than once. 
If we assume that life originated only 
once we must also assume that all 


The Case 


plants and animals are related and 
that the simpler forms give rise, along 
different lines, to the higher ones. This 
is the basis of the general theory of 
evolution. 

Evolution implies the gradual 
change of one species into another. 
Such changes have now been observed 
in a few cases. This is especially so in 
the case of domestic and farm animals 
where new and improved varieties 
have been produced by artificial selec- 
tion. The almost sudden appearance 
of dark (melanic) forms of various 
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Evidence that molluscs and annelid worms 
had a common ancestor is provided by the 
existence of similar larval forms in some 
species. 


moths in recent years is a good example 
of natural change. There is no reason 
to suppose that such changes in the 
past could not have given rise to new 
and distinct species in time. 

The aim of classification is to group 
those animals that have a number of 
characteristics in common. The largest 
group is the phylum and its members all 
have a basic similarity. It is reasonable 
therefore to assume that the members 
all arose from a common ancestral 
type. The phyla themselves can be 
placed in some sort of order from the 
most simple to the most complicated 
but there are large gaps in the arrange- 
ment of present-day forms. These gaps 
may be filled when more fossils are 
known but, at present, we cannot say 
for certain whether star-fishes and 
insects had a common origin or 
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whether they have evolved from in- 
dependent beginnings. 

Animal structure, too, provides evi- 
dence of evolution. The fins of a lung- 
fish, the wings of a bird and the fore- 
limbs of a dog are superficially very 
different but all arise from a similar 
part of the embryo: they are homo- 
logous structures. Internally, the basic 
bone patterns can be seen, too. These 
limbs therefore represent modifica- 
tions of a basic type and point to 
evolution from a common ancestor. 

In the nineteenth century, the Re- 
capitulation theory was put forward. This 
suggested that, during development, 
an animal passed through stages re- 
sembling those of its evolutionary 
history and it was presented as support 
for evolution. The embryos do pass 
through various grades of develop- 
ment but cannot be said to resemble 
first a protozoan, then a coelenterate, 
and so on as the early supporters of the 
theory believed. The similarity be- 
tween early vertebrate embryos is very 
striking and this, together with other 
evidence makes it quite clear that these 
animals originated from a common 
stock. An interesting similarity between 
different phyla is the existence of a 
particular type of larva in both 
molluscs and annelid (ringed) worms. 
This larval type is called the trocho- 
phore or veliger. It is possible that 
molluscs and worms originated from a 
common ancestor which had a larva 
of this type. 

The greatest volume of evidence for 
evolution is provided by fossils, but 
here again the emphasis is on evolu- 
tion within the major groups. The 
fossil record is very incomplete and 
almost non-existent before Cambrian 
times. At the beginning of this latter 


period, most of the major groups were 
in existence and we have no proof that 
the lower forms gave rise to the more 
advanced groups. Within the phyla, 
however, fossils show very clearly the 
evolution of new species. In successive 
rock layers the fossils become pro- 
gressively more and more different 
until a new specific name is warranted. 
The vertebrates show a fuller fossil 
record than most of the invertebrates, 
for these animals with hard skeletons 
are well suited for preservation as 
fossils. Within the vertebrate group — 
as with the other phyla — the 
generalised forms gave rise to the more 
specialised and advanced ones. For 
example, the fishes arose from primi- 
tive jawless creatures and radiated 
into several branches. One of these 
gave rise to the amphibians which 
themselves evolved along several lines. 

The geographical distribution of 
animals is another feature supporting 
the theory of evolution. In fact, it was 
by studying this that Darwin hit upon 
his theory of Natural Selection. Where 
any region, notably an island, has 
been separated from neighbouring 
parts, its animals, although super- 
ficially resembling those of the main- 
land, often differ in detail. The changes 
can be explained most easily by the 
fact that evolution has taken place. 
Australasia’s native mammals are all 
egg-laying or pouched creatures. Pre- 
sumably this whole region was separ- 
ated before the placental mammals 
arose and in this region evolution did 
not follow along the line to the placen- 
tals. 

Darwin visited the Galapagos 
Islands in 1835 and was struck by the 
variation among the birds and other 
animals. Although the islands are not 


The increase and spread of the dark form of 
the peppered moth is a change that has 
actually been witnessed in recent _years. The 
two varieties may eventually become separate 
Species. 


very far apart, each has a distinct 
assemblage of bird species. This could 
be explained only on the basis of 
change since the birds first arrived, for 
it was highly improbable that one 
species arrived on only one island. 
Being isolated on each island, the 
birds were free to evolve in different 
directions and produce several dif- 
ferent species. Darwin realised that 
this was the case and sought to find a 
method whereby this could have 
happened. He sought for it for a long 
time and many years later published 
his theory of Natural Selection. 

We thus have a wealth of evidence 
to support a general theory of evolu- 
tion. There is no direct evidence that 
life was created only once or that the 
various major groups are related, 
although similarities, such as that be- 
tween young annelids and young 
molluscs, suggest that this might be so. 
There is direct evidence for the evolu- 
tion within a group from simple to 
advanced forms and it is therefore 
possible that such evolution has taken 
place between the groups too. Until 
further fossils are found we cannot be 
sure but the evidence available sup- 
ports on the whole the general theory 
of evolution. 


The basic similarity between the limbs of a lung fish, bird and man indicate a common origin. This sort of evidence strongly supports the 


theory of evolution. 
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NUCLEAR PHYSICS 


The Electron-Positron Pair 


HE particles which carry electric 
current through circuits are elec- 
trons. They are negatively charged 
particles. Although in some metals 
they are relatively free to drift through 
the spaces between the atoms, they are 
nevertheless bound to the atoms. In 
fact, they are attracted to the heavier 
part of the atom, the nucleus, because 
the nucleus carries a positive electric 
charge. 

There are just two kinds of charges 
in matter, positive ones and negative 
ones. They have the property that like 
charges repel each other, while unlike 
charges attract each other. 

Negatively charged nuclei are not 
likely to be found, but positively 
charged electrons, or positrons are more 
possible. They are very similar to 
electrons, having exactly the same 
mass and exactly the same size. The 
only difference lies in their charge. 
The positron is, however, a very rare 
particle. It is produced only occasion- 
ally and even then it cannot exist for 
very long. The reason is that riegative 
electrons are the preferred variety in 
matter, and they are able to get rid of 
positrons fairly easily. 

Electrons and positrons simply can- 
not exist together. Ifa positron collides 
with an electron, then both of them 
will probably be annihilated. They 
explode and disappear completely. 

In many ways, the positrons and 
electrons do not behave like lumps of 
matter when they are near each other. 
Instead, they tend to behave like tiny 
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whirlpools, of exactly the same size and 
intensity. The only difference between 
them is that the positron whirls round 
in one direction, while the electron 
whirls round in the opposite direction. 
Should they meet, the two whirls 
cancel each other, and the whirlpools 
are annihilated. 

If they were all whirling round in 


ELECTRON 
WHIRLPOOL 


POSITRON 
WHIRLPOOL 


Positrons and electrons are like whirlpools 
going round in opposite directions. When 
they meet, they annthilate each other. 


the same direction, they would not do 
this. Since nearly all the electrons in 
matter are made to whirl round in the 
same direction, there is little danger of 
matter’s disappearing. 
Producing a position 

Practically the only way of pro- 
ducing rare particles like the positron 
is in a violent nuclear explosion. One 
nucleus is bombarded with another 
quickly moving nucleus, and the two 
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Balances because 
Mass and Energy 


X-ray has'mass 
When an electron-positron pair is 
formed, 0,000,000,000,000,000,000, - 
000,000,001,8 gms of matter are 
created. This violates the Law of Con- 
servation of Mass. At the same time, 
the gamma-ray loses 1!,000,000 elec- 
tron-volts of eneree: violating the Law 
of Conservation of Energy. But neither 
law is really violated, because mass is a 
form of energy. 


nuclei may tend to coagulate (nuclear 
fusion) or disintegrate (nuclear fission) . 
Smaller, lighter particles are usually 
ejected as a result. The heavier pro- 
ducts of the explosion will probably be 
different elements, or different 2so- 
topes, but whatever elements are 
formed, the electric charges before and 
after the explosion must balance ex- 
actly. If there is too much negative 
charge after the explosion, then an 
electron will probably be ejected to get 
rid of it. If there is too much positive 
charge at the end of the explosion, the 
charges may be balanced by ejecting 
positrons. 

The light metal beryllium will give 
out positrons when it is bombarded 
with alpha particles (helium nuclei). 
This reaction does not occur naturally 
—it is an example of artificial radwo- 
activity. Several stages occur rapidly 
after one another, but the net result is 
that a nucleus of carbon-13 (the iso- 
tope of carbon with an atomic weight 
of 13) is formed. A neutron is ejected to 
balance the masses before and after. 
The beryllium nucleus accounted for 
five positive charges before the reac- 
tion, and the alpha-particle for two. 
There is a total of seven charges before 
the reaction. But the carbon nucleus 
accounts for only six. To balance the 
charges and make up the extra positive 
charge, the only particle that can 
possibly be emitted is the positron. 

Although this was the first con- 
venient method of making them, the 
fact that the positron could be made 
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Explorer XI, used to detect gamma-rays in 
space. The crystal sandwich turns the 
gamma-rays into electron-positron patrs, 
which can be easily detected. Right: By 
rotating, Explorer XI scans the whole sky. 
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had already been prc- 
dicted mathematically by 
the physicist P. A. M. Dirac. 
Then it was discovered among 
the remnants of more violent reac- 
tions taking place in the atmosphere. 
Streams of very powerful particles are 
continually reaching the Earth from 
outer space. They are called cosmic 
rays, and as they collide with atoms and 
molecules in the atmosphere, many 
different nuclear reactions may occur. 
Occasionally, a very energetic 
gamma-ray is emitted. Gamma-rays 
are a kind of radiation like light rays, 
but they are far more penetrating and 
powerful. Sometimes, the gamma-ray 
is transformed into a pair of particles, 
an electron-positron pair. 
This is possible only when the 
gamma-ray is energetic enough. Each 
of the particles, the positron and the 
electron, has a small mass, and the 
mass can be converted into amount of 
energy. Mass is a form of energy, but 
nuclear reactions are the only occa- 
. sions when mass can be turned into 
energy, or energy into mass. Posi- 
trons and electrons each weigh about 
0. 000,000,000,000,000,000,000,000,- 
000;9.gms, but this tiny mass is equiva- 
lent-to about 500,000 electron-volts of 
energy. (An electron-volt is the energy 
gained by an electron when it is 
accelerated through a voltage dif- 
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Electric charge 


Two electric en! oe have apparently 
been created out of none (the gamma- 
ray is not a particle, so carries no 
electric charge), apparently violating 
the Law of Eenebriantidn of Charge. 
But no net charge is created, for the 
charges are of opposite sign, and cancel 
each other out. 


ference of one volt and it is a con- 
venient unit used to describe nuclear 
energy). The combined mass of the 
electron-positron pair is equivalent to 
about 1,000,000 electron-volts, so that 
gamma-ray can turn into an electron- 
positron pair provided it carries at 
least 1,000,000 electron-volts ofenergy. 
1,000,000 electron-volts of the energy 
of the gamma-ray are turned into 
matter, and any remaining energy into 
kinetic energy of the moving particles. 
Actually, the gamma-ray needs to be 
carrying about 2,000,000 electron- 
volts of energy before an electron- 
positron pair is likely to be found. 


Detecting the positron 


When light strikes a photographic 
film, it causes chemical reactions 
among the light-sensitive atoms in the 
film. The same thing happens when 
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Annihilation radiation 


A positron hits an electron, and is 
annihilated. The annihilation gamma- 
ray carries away with it all the mass (as 
energy) and balances the momentum. 
Charge is also conserved. There was no 
net charge before, and the gamma-ray 
certainly does not carry away any 
charge with it. serie 
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PATHS ARE ALL 
SLIGHTLY CURVED 


A positron is deflected to the left in this 
magnetic field. 


particles strike sensitive films. Where 
they strike, they blacken the negative. 
For this reason, photographic film is 
often used to detect particles. 

Special kinds of ‘nuclear emulsion’ 
have been developed for research. The 
sensitive particles in them are excep- 
tionally small. 

Particles which carry an electric 
charge blacken the nuclear emulsion 
far more readily than rays or particles 
which do not carry a charge. When, for 
instance, a high-energy gamma-ray 
travels through a nuclear emulsion, it 
passes unrecorded. It leaves no trail of 
blackening behind it. But if the 
gamma-ray suddenly turns into an 
electron-positron pair while it is in the 
emulsion, the event is clearly visible. 

Two tracks, one the track of the 
positron and the other the track of the 
electron, appear from nowhere. The 
two tracks both start at the point where 
the gamma-ray disintegrated and they 
show that both positron and electron 
travel in roughly the same direction. 

Nuclear emulsions are sent up on 
balloons to detect the particles in 
‘showers’ of cosmic rays. It is of not 
much use sending up just one sheet of 
emulsion, for the chances of following 
the path of a cosmic ray in one are very 


A spark chamber. The track is a series of 
spark discharges through neon gas across the 
metal plates in the chamber. 
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An electron is deflected to the right, while 
an electron-positron pair... 


small indeed. There is about as much 
point in ‘fishing’ for cosmic rays with 
one sheet of emulsion as there is in 
trying to catch a fish by dipping one 
small net and no bait in the sea. The 
fish may possibly swim near the net, 
but even then, it has to approach it in 
the right direction into the hole before 
it can be caught. 

The layers of nuclear emulsion are 
stacked one on top of another to form 
a sizeable block. No matter from which 
direction the cosmic ray strikes the 
block, its passage will still be recorded 
in some of the layers of emulsion. In all 
probability, the track will run through 
several layers. When the film is re- 
covered and processed, each separate 
layer must be carefully analysed and 
the complete tracks pieced together 
from fragments in different layers of 
emulsion. 

Scientists can glean quite a lot of 
information from these tracks. They 
know how sensitive the emulsion is, 
and the sort of tracks each different 
particle will make in the emulsion. The 
tracks of electrons and positrons ap- 
pear through a microscope as well- 
defined blobs, each one the result of a 
collision between the moving particles 
and a sensitive atom in the emulsion. 


To produce the curved tracks of a pair, the 
spark chamber is placed between two mag- 
netic poles. 


... produces two distinct curved tracks in 
a magnetic field. 


From the distance between the blobs, 
scientists can tell whether the particles 
were in fact positrons and electrons, 
and also how fast they were travelling. 

To clinch the fact that the tracks are 
the result of positrons, additional 
apparatus is needed. The only way of 
distinguishing a positron from an 
electron is by its charge. This makes a 
moving positron or electron behave 
just as though it were a wire carrying 
an electric current. Around it is a mag- 
netic field. The magnetic field around 
a positron is in the opposite direction 
to the field around an electron, and, as 
might be expected, they behave in 
opposite ways when they are in- 
fluenced by large magnets. The posi- 
trons will be deflected in one direction 
by the magnet and the electron in the 
opposite direction. 

In one apparatus used in this kind of 
research, the Spark Chamber, large mag- 
nets are placed on either side of the 
chamber. Charged particles make tiny 
flashes of light or sparks as they pass 
between charged metal plates in the 
chamber, and their tracks will be 
curved because the magnets are de- 
flecting the particles. Positron tracks 
are curved in one direction, and 
electron tracks in the other. 


The ‘pair’ tracks in nuclear emulsions are 
straight when no magnetic field has been 
used. 


(NO SPARKS) 


CIRCUITS 
SUPPLYING 
ALTERNATING 
ELECTRIC 
PULSES 


PARTICLES 
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The E.E.G. recordist’s view of her 16-channel E.E.G. machine and the patient. To the right are the sliding switches which select the electrodes 
connected to each channel ; in the centre, under the Perspex cover, are the pens writing on paper 13” wide, which is moving from right to left 
at 3 or 14 cm/sec. The leads from the patient’s scalp can be seen entering the junction box from which a hanging cable leads to the input of 


the machine. 


THE ELECTROENGEPHALOGRAPH 


JN almost all activities in the human 
body electrical currents: are pro- 
duced. The brain in particular is 
continually producing millions of 
minute electric pulses which tend to 
add up and thus become large enough 
to be picked up on the scalp. In 
normal, healthy people these poten- 
tial changes follow similar patterns, 
and respond in similar ways to the 
same stimuli. It has been found that 
recording these changes and noting 
any irregularities can sometimes help 
a doctor decide on the nature of a 
disease or the position and seriousness 
of a brain disorder. The machine 
which makes these records is called an 
electroencephalograph (E.E.G.). It con- 
sists of a number of similar units, or 
channels, each one working independ- 
ently of the others. 
The machine illustrated here has 
sixteen channels. 
Each channel is really a very sensi- 
tive voltmeter, but, because the ‘signal’ 
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to be recorded is so small (a few micro- 
volts, or millionths of a volt), powerful 
amplifiers must be used so that the 
impulses can be more easily measured. 
In place of the voltmeter needle is a 
pen which traces a line on moving 
paper. As the voltage varies the pen 
moves from side to side writing what is 
in fact a graph of voltage against time. 
The paper is wide enough to record 
readings from all the channels simul- 
taneously. 

The voltages to be measured are 
picked up by electrodes placed on care- 
fully selected parts of the patient’s 
head. The electrodes are of silver 
covered by a pad soaked in salt solution 
for good contact. Each electrode is 
connected by its own wire and, by 
means of switches, a pair of electrodes 
can be connected to each channel of 
the machine. 

The amplifiers, apart from being 
very powerful (about a million times 
amplification being necessary) are 


designed to prevent any mains hum or 
other interference being superimposed 
on the signal picked up from the 
patient. Most record players for ex- 
ample hum quietly at the frequency of 
the electric mains (usually 50 cycles 
per second) when they are on. If this 
were allowed to happen in an E.E.G. 
it would cause the recording pen to 
vibrate and draw a thick black line 
which would mask some of the finer 
details of the graph. 

The nature and interpretation of 
the frequencies picked up is very com- 
plex, but one, the alpha rhythm, is quite 
easily seen. When a patient is quietly 
lying still and relaxed and with his 
eyes closed, but not asleep, a steady 
beat of about 10 cycles per second can 
be picked up from around the back of 
his head. This is called the alpha 
rhythm and is thought to be associated 
with visual images, for while the eyes 
are open it usually disappears almost 
completely. 
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| APPLIED SCIENCE 


Cosmetics 


"THERE is no scientific formula for 

beauty. It cannot be analyzed in 
a laboratory nor any pattern for it 
produced. The final creation of a 
beautiful perfume or a cosmetic which 
will improve someone’s looks is rather 
a matter of taste and judgement than 
the problem of the scientist. 

Yet any makers of cosmetics will 
have a laboratory in which test samples 
are prepared and tried out and sur- 
prisingly enough a considerable num- 
ber of scientific processes do creep in. 

The designer of a perfume relies on 
his excellent sense of smell and a kind 
of intuition which he has built up 
through years of experience. He sits at 
a bench called a perfumer’s organ with 
banks of tiny bottles lined up on either 
side of him. Facing him, at the back of 
the bench rises, row upon row, another 
bank of bottles. An accurate weighing 
balance of the type found in any 
laboratory also forms part of his equip- 
ment. 

The bottles contain essential oils 
extracted from flowers, from trees and 
from ferns and mosses. Many of them 
are very expensive. Sometimes water 
is used to extract the oils from the 
plants and sometimes a volatile solvent 
such as benzyl acetate is used instead. 
The same oil can smell quite dif- 
ferently when it is extracted by two 
different methods. 


Jasmine generates essential oil after its 
blooms have been picked. The blooms are 
placed on glass sheets coated with animal fat 
to absorb this oil. Later on, alcohol is used 
to take the perfume oil from the fat. 


Water is used to extract the per- 
fumed oils from rose petals. The petals 
are soaked in water and the oils are 
distilled off. Only a small fraction 
coming off at a particular boiling 
point is preserved. The costliness of 
perfume is hardly surprising for a 
whole field of roses may yield only a 
tiny bottle of oil costing hundreds of 
pounds. 2,000 to 3,000 lbs of rose petals 


when, after months of unsuccessful 
attempts, a suitable perfume has 
evolved, its composition must be 
accurately known so that the perfume 
can be produced in large quantities. 

The perfume produced is far too 
strong and sickly and must be ‘watered 
down’. Water is not used for this, but 
alcohol (water-free methyl alcohol, 
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Solvent extraction of perfume oil. The solvent, petrol or benzine, is run through the flowers to 


collect the oil and some unwanted waxes. The solvent and oil is then distilled off from the 


waxy mixture. 


will only yield about 1 lb of rose oil. 

The essential oils are chemical sub- 
stances and attempts have been made 
to copy them artificially and reduce 
costs in this way. Several members of 
the chemical family, the aldehydes, 
containing the —CHO group, .are 
perfume. oils. Artificial lily-of-the- 
valley is an aldehyde that has been 
successfully. produced from the un- 
romantic source, coal tar. So far, 
though, most attempts to copy nature 
have been unsuccessful, for the essen- 
tial oil molecules are very complicated. 

The perfumer takes a little from this 
bottle and a little from that, blending 
the oils until he gets a successful per- 
fume. Some perfumes contain 4 or 5 
oils and others, more than 50. Fixa- 
tives such as ambergris, a waxy sub- 
stance obtained from the sperm whale 
are also used to ensure that the per- 
fume will ‘keep’. 

The oils mixed together are weighed 
with a precision which would do 
credit to any analytical chemist, for 


CH,OH), a liquid made as a by- 
product of the petroleum industry. 
Perfume may be 50% essential oils 
and 50% alcohol. Toilet waters and 
after-shave lotions are more dilute, 
having a much lower perfume oil 
content. Cologne is diluted with a 
mixture of alcohol and water, but not 
ordinary water. This water has been 
purified by passing it through an ion 
exchange resin. 

Gallons of the perfume concentrate 
are made up, diluted and then re- 
frigerated to solidify any floral waxes 
in the oil. The waxes are filtered out 
and the perfume is put into storage to 
be used either as perfume or to be used 
in other cosmetics. 

For example, some may be used in 
face creams and others in bath salts or 
soap. When toilet soap reaches the 
cosmetics factory it looks like pieces of 
broken spaghetti with no colour or 
perfume. Dye and perfume are added 
and titanium oxide to act as a plasti- 
cizer. After warming and mixing, the 


soap is pressed into a block. 

Ordinary soap is sodium stearate, 
the sodium salt of a fatty acid. It is 
made by boiling fat with the alkali 
sodium hydroxide. But, chemically 
speaking, there are a great many 
soaps. Sodium or potassium salts of 
any fatty acids are all called soaps. 
Sodium stearate, ordinary soap, is 
quite hard, but its counterpart, potas- 
sium stearate is soft and sloppy. 
Harder soaps can be made by using 
fatty acids with larger molecules. If 
softer soaps are required, fatty acids 
with smaller molecules are used. In 
fact, soaps can be made, ranging from 
really runny to very hard varieties. 
Many of them are put to many uses by 
the cosmetics industry. 

Although perfume is normally a 
liquid, it can be made in stick forms, 
by mixing the perfume with a soap of 
suitable softness. Solid deodorants also 
owe their solidity to soap. Softer soaps 
are used to give a jelly-like form to hair 
conditioners and some shampoos. 
Runny liquids tend to spill easily so 
soaps are often added to make them 
more manageable. This is certainly 
true of many light face creams which 
would otherwise be too runny. Face 
creams are in fact fat or oil and soap 


whipped into an emulsion. 

Lipsticks contain oils and fats to- 
gether with colouring matter. The 
maker of lipsticks has in fact only a 
limited number of colours to choose 
from because the vast majority of red 
dyes are unsuitable for use in lipsticks. 
The oily part of the lipstick stains the 
lips whereas the fatty part forms a 
layer above. In a mixer which looks 
rather like a large cake mixer, the oil 
is blended with the colours and then 
the fats are added. The lipstick is 
poured into trays to set into slabs. 
These slabs can later be melted and 
poured, into moulds to give the lip- 
sticks their final shape. 

This is the lipstick in production but 
long before, extensive testing has been 
undergone in the laboratory. For lip- 
stick, like butter, hardens in cold 
weather and becomes soft in hot 
weather. It is designed to resist the 
effects of temperature and well tested 
in temperature controlled ovens. The 


laboratory also has a tropical oven ’ 


which can be adjusted to simulate the 
humidity and temperature conditions 
in any tropical country, to see how the 
cosmetics will fare overseas. 

New products are developed in the 
laboratory, and a great deal of thought 
and work go into their development. 
New raw materials are examined to 
find if superior properties can be 
achieved in the finished product. 


A perfumer working at his research bench, the perfumer’s organ. 


Methods of manufacture are con- 
sidered to find the best method of pro- 
duction and various packaging com- 
ponents and materials are examined to 
make sure that the product will reach 
the user in good condition. The pro- 
duct is left on a shelf to see how it 
stands up to the passage of time before 
it is finally marketed. 

Out in the factory, the cosmetic 
preparations are made in bulk. Tal- 
cum powder is made by mixing large 
quantities of zinc oxide, hexachloro- 
phene antiseptic and magnesium car- 
bonate. Bath salts are prepared from 
sodium sesquicarbonate, colouring 


Carboy into which the filtered perfume (a 
mixture of essential oil and methyl alcohol) 
is poured. The perfume is ready for bottling. 


and perfume. Bath cubes also contain 
this, but starch is an additional in- 
gredient which prevents the cube from 
crumbling. Large barrels stand around 
full of powdered pigment for face 
powder. These are various shades of 
cream and brown, white and green. 
Measured quantities are thoroughly 
mixed when face powder is in pro- 
duction. 

It is usual within the factory to make 
a batch of one type of cosmetic and 
then move on to another. 
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PALAEOGEOGRAPHY 


ORDOVICIA 
BRITAIN 


HE rocks of the Ordovician System 
lie with some irregularity on 
those below, indicating folding and up- 
lift at the end of Cambrian times. How- 
ever, in general the Ordovician Period 
continued the trend of the Cambrian 
with deposition centred in a large 
trough (geosyncline) running NE/SW 
across the region of Britain. In contrast 
to the preceding period, volcanic 
activity was widespread, associated 
with the deepening of the trough. 
There are great variations in thickness 
of the Ordovician rocks, due partly to 
the localised volcanic activity, and 
partly to the geosynclines where thick 
deposits accumulated. Thus, while 
volcanic lavas were forming in one 
area, black shales were being laid 
down in another, while yet elsewhere, 
coarse grits were being deposited in 
the geosynclines. Ordovician rocks 
thus show a number of distinct facies 
and it is quite often difficult to relate 
one outcrop to another. 

Trilobites continued to flourish dur- 
ing Ordovician times and many new 
species appeared. Brachiopods too, 
were common in the shelly deposits 
close to the old shore lines. The most 


Just as at the present time shingle and 
sand is deposited near the coasts and 
finer material out to sea, so it was in the 
past. We can infer as a rule that fine 
grained rocks were formed in deeper 
water than the sandy and shelly de- 
posits. Both, however may have been 
formed at the same time. Because the 
conditions were so different the fossils, 
too, are usually different and it is not 
easy to correlate the two rock types. 
The nature of the rock is called its 
facies and a given time period may con- 
tain several facies. The Ordovician 
period is a good example. There are 
shelly shore-line facies, graptolitic and 
volcanic facies and greywacke (coarse 
grits deposited in geosynclines). They 
can be correlated where the edges 
overlap each other. 
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ANGLESEY. SHROPSHIRE. 


SHELF AREA 


SINKING 
REGION 


The general features of the region in middle Ordovician times, about 400 million years ago 
and (inset) a section across Wales to show the geosyncline and the shelf area. 


important fossils however are the 
graptolites. These are extinct animals 
whose zoological relationships are still 
disputed. From what is known, they 
appear to have been colonial animals, 
living in tiny cups attached to a stalk. 
The majority of the fossils are found as 
flattened impressions. Graptolites ap- 
pear to have existed in floating colonies 
and were very widespread. They 
evolved relatively quickly and are thus 
of great value for dating the rocks. 
They occur abundantly in the black 
shales of the central parts of the geo- 
syncline, but because conditions were 
unfavourable for their preservation, 
they are not found in the shelly 
deposits. Deposition went on more or 
less undisturbed in the central parts of 
the troughs and complete series of 
fossils have been obtained. Many zones 
are based upon the graptolite species. 

Other important Ordovician fossils 
are the brachiopods which show a 
much greater range than in the Cam- 
brian. Their shells are extremely com- 


mon in the sandy deposits around the 
original shore lines. The earliest corals, 
and echinoderms are known from 
upper Ordovician rocks and these also 
contain the earliest vertebrates, but 
there were still no land plants. 


DICHOGRAPTUS 
(ARENIG) 


(LLANVIRN) 


During the Ordovician Period there 
was much volcanic activity and uplift 
and the extent of the sea and its de- 
posits varied considerably. 

The lowest division of the system is 
the Arenig whose basal rocks were, in 
general, laid down in shallow water. 
They are conglomerates and beach 
deposits of the encroaching seas. These 
rocks are overlain by dark shales which 
were formed in deeper water and con- 
tain graptolites. The basal beds of 
Anglesey are very thick and coarse and 
indicate a nearby coastline. The 
graptolite shales continue from South 
Wales in a north-easterly direction, 
through the Lake District and into the 
Southern Uplands of Scotland. This 
was the line of the geosyncline. A great 
deal of volcanic activity went on in 
South Wales, and in Scotland at this 
time. Limestones in the north-west of 
Scotland contain a fossil assemblage 
very different from that of Wales and 
the region was obviously cut off as in 
Cambrian times. 

The second division is the Llanvirn 
whose rocks are similar to the shales of 
the upper Arenig. They contain how- 
ever, typical ‘tuning fork’ graptolites 
with only two branches. In parts of 


DIDYMOGRAPTUS 


SOME IMPORTANT 
GRAPTOLITES 


DICRANOGRAPTUS 


(CARADOC) 


DICELLOGRAPTUS 

(ASHGILL) 
North Wales this zone is represented 
almost entirely by volcanic rocks. 
Shales and volcanics are present in 
Shropshire and in the Lake District 
the zone is again mainly volcanic. 
Llanvirn rocks are not found in the 
Southern Uplands and may never 
have been deposited. The same is true 
of the Llandeilo beds which elsewhere 
lie over the Llanvirn. 

The Llandeilo beds are named after 
a town in South Wales where they 
consist of sandstones and limestones. 
This region must have been near 
the coast, for further west the fine 
grained graptolitic shales reappear. In 
Shropshire, the beds are of inter- 
bedded shelly and graptolitic de- 
posits — again indicating the nearness 
of land. In North Wales and the Lake 
District there was much _ volcanic 
activity. 

The upper part of the system is the 
Bala division with two series — the 
Caradoc and the Ashgill. The latter is 
missing in Shropshire and Snowdonia 
because of erosion. The coast was very 
near to the Longmynd area of Shrop- 
shire at this time, for the Caradocian 
sea spread on to much older rocks in 
this region. Volcanic activity con- 


NEMAGRAPTUS 
(LLANDEILO) 


tinued during Bala times and lavas are 
interbedded with shales. Snowdon 
itself is largely composed of Cara- 
docian lavas. 

The northern coastline of the geo- 
syncline was close to the Southern Up- 
land region at this time and there was 


A diagrammatic section across the Harlech 
dome of Wales showing the relationship of 


the Cambrian and Ordovician rocks. 


a sinking area in the region of Girvan. 
Here, the Bala rocks are very thick 
grits and greywackes, while the same 
zones are included in a mere hundred 
feet of shales at Moffat. This was the 
quieter, deep water area. 


Life in the Ordovician sea. Note the piles of volcanic lava (Pillow lavas) poured out on to the sea bed. 


. _GRAPTOLITES . f 
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Most organic compounds are inflammable. 
Aromatic (ring) compounds burn with a 
luminous flame which deposits a lot of soot 
while aliphatic (chain) compounds give less 
luminous flames. 


FORMATION OF CHALK 
PARTICLES IN LIME 
WATER PROVES . 
COMPOUND CONTAINS 
CARBON 


To verify that a compound 1s organic it is 
heated with dry copper oxide. Production of 
carbon dioxide and water confirms the 
presence of carbon and hydrogen. 


ORGANIC CHEMISTRY 


/ Identifying 


Organic Compounds 


HE majority of inorganic com- 
pounds and certainly almost all 
the metallic salts can be split up into 
two parts — a positively charged metal- 
lic ion and a negatively charged 
acidic ion or radical. In consequence 
it is quite easy to identify the positive 
and negative ions by precipitation 
under carefully controlled conditions, 
and so to name the compound. 

The identification of organic com- 
pounds is rather more difficult and far 
less systematic than the methods which 
are applicable to inorganic com- 
pounds. For instance, the different 
classes of organic compounds cannot 
be distinguished one from another by 
precipitation or similar means. One 
reason for this is that very few organic 
compounds ionize in solution, the 
majority being bound together by 
much stronger covalent linkages. The 
organic nitrites, cyanides and the 
majority of the halogen compounds do 


not respond to the standard inorganic 
tests for these groups. Methyl iodide is 
an exception —a precipitate of silver 
iodide is obtained when an alcoholic 


PLATINUM 
FOIL BOATS 

OF METAL 
Only those organic compounds which contain 
a metal leave behind ash when they are 
heated in a platinum foil boat. 


solution of silver nitrate is added. 

A comparative novice could be 
quite successful in identifying an inor- 
ganic compound by carefully follow- 
ing through the analysis tables. In 
contrast, the identification of organic 
compounds requires a thorough know- 
ledge of organic chemistry. The 


Test for Nitrogen, Sulphur and Halogens 


At is only possible to detect the presence of these elements’ 


after the compound has been disrupted by the action of hot 
metallic sodium. To carry out the test, a piece of sodium about 
half the size of a pea is cut and any surface coating of oxide is 
carefully shaved off. Great care must be taken in this and sub- 


ath wel operations since sodium, more particularly hot. 


ium, can be very dangerous. ‘ 

The sodium ‘pea’ is placed in a hard glass ignition tube and 
heated until the sodium melts. A small quantity of the unknown 
substance is very carefully added. The tube should be held in 
tongs at arm’s length and the eyes should be shielded in case of 
‘spitting’. Heating is then continued for about two minutes, 
_ and while the tube is still hot it is plunged into a porcelain 

evaporating dish containing water, whereupon the glass 
shatters into small pieces. As there should be an excess of 


sodium in the tube at the beginning it is to be expected that 
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- better known as Prussian Blue, is obtained when 


there will be a residue of free sodium which will react rather 
violently with the water. 

After any reaction has ceased the glass fragments are filtered 
out, and the filtrate is divided into four portions. These portions 


are then used to test for the various elements. 


If nitrogen is present, a precipitate of ferric fer nide, 
rrous 
sulphate solution and dilute sulphuric acid followed by a small 
quantity of a solution of a ferric salt are added to the filtrate. 
If the addition of a few ad of sodium nitroprusside solu- 
tion to a second portion yields a purple coloration, the com- 
pound contains r. soe 

If the compound contains one of the halogens, the filtrate 
will give a positive reaction to the normal test for a halide, i.e. 
a white precipitate of silver halide, on the addition of silver 


nitrate solution to the acidified filtrate. ‘ 
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analyst must forever be on the alert to 
notice and interpret any clue to the 
identity of the unknown substance. 

There are four distinct stages in ee” ae 
identifying an organic compound. The Ban Sate 
first step is to find which elements it poly ral 
contains. This will immediately give iia 
an indication of the type of compound 
it may be and eliminate classes of com- 
pound which it cannot be. For in- 
stance, the absence of nitrogen auto- 
matically excludes the possibility of 
the compound’s being an amine, 
amide, cyanide or any other nitrogen 
containing compound. 

Next, portions of the sample are 

tested to find to which one of the 
possible classes the compound belongs. 
This is normally done by carrying out 
tests for the different classes of com- 
pound in which the unknown sub- 
stance could be placed. 

All the members of one class of com- - 
pound (e.g. all the homologues) have 
similar if not identical chemical pro- 
perties, but they differ from one an- 
other in their physical properties. Thus 
by measuring the melting point or 
boiling point of the sample it should be 
possible to decide which substance itis. Since the derivative of the unknown substance must be as pen as possible, great care has to be 
For example, a compound which gives _ taken to ensure that contamination is removed. Here the analyst is filtering out a crystalline 
a silver mirror after adding an am- — 4ertvative which will probably be crystallized a second time. 


moniacal solution of silver nitrate is an 
aldehyde. If its boiling point is 49° C. 
it is almost certainly propionaldehyde. 
As the melting points or boiling 
points of some related compounds are 
ae , ~ rather close, the analyst usually con- 
~ Srewird q »yp firms his findings by preparing an- 
a woot * other compound (or derivative) from 
a portion of the sample. Only a small 
quantity of this new compound need 
be prepared as the analyst simply 
wants to find its melting point or boil- 
ing point. However, as the presence of 
impurities, even in small quantities, 
can cause considerable variation in a 
compound’s physical properties, it is 
essential that a pure specimen of the 
derivative is obtained. To increase the 
purity of a solid derivative it should be 
recrystallized several times, while a 
liquid derivative needs to be re- 
distilled. 
Finding the Elements 
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FERROUS 
SULPHATE 


FORMATION OF PRUSSIAN PURPLE COLOUR WHITE/YELLOW PRECIPITATE The presence of carbon and hydro- 
BLUE PARTICLES INDICATES INDICATES SULPHUR OF A SILVER HALIDE . : . 
NITROGEN PRESENT IN SAMPLE INDICATES A HALOGEN gen in organic compounds 1S usually 


assumed, but if there is any doubt that 
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The solubility of the sample in water and other 
solvents, and the reaction of its solution to litmus 
give valuable information as to the type of com- 
pound it ts. 


the unknown substance is organic, it is 
normally sufficient to burn some of it. 
Most organic compounds are inflam- 
mable and burn with a smoky flame. 
Aromatic (ring) compounds contain a 
higher proportion of carbon than 
aliphatic (chain) compounds — when 
aromatic compounds are burnt, the 
flame is luminous and deposits a lot of 
soot. The flames from aliphatic com- 
pounds contain less soot (unburnt car- 
bon) and are not as luminous. 

However, if conclusive proof is re- 
quired that the compound contains 
carbon and hydrogen, a small portion 
may be heated with finely powdered, 
dry copper oxide, which acts as an 
oxidizing agent. By this means the 
compound decomposes. The carbon is 
converted into carbon dioxide which 
can be detected with lime water, while 
anhydrous copper sulphate is used to 
detect the water produced by oxidiz- 
ing the hydrogen. 

There are no really conclusive tests 
for the presence of oxygen, but as many 


Many organic compounds have 
distinctive odours, so that the 
analyst always smells the samples 
carefully. 


organic compounds contain oxygen, 
the presence of this element may be 
presumed at this stage. It should be 
realized, however, that the principal 
reason for finding which elements the 
compound contains is to reduce the 
work involved in identifying the class 
of compound it is (i.e. the reactive 
groups it contains). 

The other elements frequently pre- 
sent in organic compounds are nitro- 
gen, sulphur and the halogens, and all 
these can be detected after the organic 
molecule has been disrupted by a re- 
action with metallic sodium. In this 
way inorganic compounds of sodium 
with these elements are formed and 
can be detected by ordinary inorganic 
tests. For instance organic nitrogen 
compounds yield sodium cyanide 
which gives a precipitate of Prussian 
Blue when acidified ferrous sulphate 
solution and a few drops ofa solution of 
a ferric salt are added. 

A number of organic compounds 
contain metallic elements, e.g. the 


When the analyst has found to which class of compound the substance belongs, he measures 
its bowling point if it 1s a liquid, or melting point if it ts solid. This usually enables him to 
identify the particular compound. 


One of the tests for particular active groups in the 
compound is that with Fehling’s solution. Forma- 
tion of a precipitate of cuprous oxide indicates the 
compound is an aldehyde. 


salts of the organic acids. The presence 
of a metal can be shown quite easily 
by heating some of the substance on a 
piece of clean platinum foil. Heating is 
continued until all burning ceases. 
Only if the compound contains a metal 
will there be any residue on the foil. It 
will most probably consist of the 
metal’s oxide or carbonate so the 
identity of the metal can then be 
found by the normal techniques of in- 
organic analysis. 


Identifying the Groups 


The detailed procedure for identify- 
ing the groups is too lengthy to des- 
cribe here. The absence of certain 
elements will automatically exclude 
some possible types of compound. The 
physical properties of the substance 
will also hold their clues, for instance 
many organic compounds have dis- 
tinctive odours. (Aliphatic amines 
have an odour reminiscent of bad fish, 
while aliphatic amides smell of mice). 
Testing the solubility of the substance 
and its reaction to litmus may give 
some extra information. 

Specific tests for the various possible 
reactive groups follow. If the tests for 
nitrogen, sulphur and the halogens 
were all negative, the compound is 
assumed to contain carbon, hydrogen 
and most probably oxygen. It could, 
therefore, be a hydrocarbon, alcohol, 
phenol, ether, aldehyde, ketone, sugar, 
acid or ester. 

Once the class of compound has 
been determined, reference is made to 
the table of physical properties of the 
various types of compound. These 
tables often give an indication of the 
best derivatives to prepare when con- 
firming particular compounds. 
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WEIGHT and mass are probably 

the two most badly treated 
words in the language of science. They 
are so closely related to one another 
that under normal circumstances, 
both the weight and mass of an object 
are numerically exactly the same. 10 lb 
of potatoes will have a weight of 10 Ib 


COMPRESSED 


Weight ts being measured. This is the force 
with which the body pushes down on the 
spring. The amount the spring is com- 
pressed 1s measured by a system of levers. 


weight and a mass of 10 lb. The values 
are the same and the words falsely 
appear to be interchangeable. 

If the potatoes have been weighed 
with an instrument working off the 
extension of a spring (the more a 
spring extends, the heavier is the 
object), then the weight is being found. 
The potatoes are 10 lb weight, not 
10 lb. 

When the potatoes are put in the 
pan of the instrument, the spring offers 
an upward pull to the pan and its 
contents in an attempt to stop itself 
from stretching. Gravitational forces 
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acting on the potatoes try to pull them 
down and make them fall. The spring 
extends until these two opposing 
forces exactly balance each other and 
then the weight can be read off as a 
measure of the extension. The spring is 
obviously measuring the size of the 
force trying to extend it and therefore, 
weight must be a kind of force. 

This downward pull on the potatoes 
depends upon two things — the amount 
of substance or matter contained in 
the potatoes and the gravitational pull 
of the Earth. It makes no difference 
where the potatoes are taken. Unless 
bits are chopped off them they are 
always composed of the same amount 
of matter, but the Earth’s gravitational 
field (the pull the Earth will exert on a 
body) does vary. A stone dropped 
down a well will have an increased 
velocity of 32 ft/sec for every second it 
falls. If it falls out ofa satellite in orbit, 
miles up in the sky, then in 1 second 
the increase in velocity is considerably 
less. This is because the stone is further 
away from the Earth and therefore 
influenced less by it. As the Earth’s 
gravitational field changes, so does the 
weight of an object. Using a spring 
instrument, the potatoes will weigh 
slightly less on a mountain top than 
they will at sea level. 

But mass is something that never 
varies. It is the amount of matter a 
substance has in it. A block of lead will 
be composed of a particular number of 
atoms. An atom has 82 protons, 126 
neutrons and 82 electrons. In other 
words, each atom has a certain amount 
of matter in it. It does not matter if the 
block of lead is down a well, up a 
mountain or on the surface of the 
Moon, provided nothing has been 
chopped off it or stuck on it, it has the 
same matter in it and therefore the 
same mass. 

Because of this, mass has to be 
measured using an instrument which 
will give the same answer wherever it 
is used. The beam balance is used to 
measure mass. The object of unknown 
mass is placed on the left hand balance 
pan. The pan drops and the beam 
tilts because there is nothing on the 
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other pan to balance it. Metal ‘weights’ 
(badly named — they should be called 
masses) are placed on the other pan 
until a balance is achieved — mass is 
balanced against mass. When the 
balance is taken to a place where the 
gravitational field is much less, there is 


Mass is being measured. The mass of the 
jockey ts exactly balanced by the masses 
placed on the other pan. Equal pulls will be 
exerted on both pans irrespective of the size 
of the gravitational field. 


less pull on the object, but also equally 
less pull on the ‘weights’ in the other 
pan, and the same result is obtained. 

The chemical balance is used for 
measuring masses to four decimal 
places. The weights must be treated 
with great respect. If they become 
chipped, they lose some mass. If they 
are picked up with the fingers, grease 
from the hands attracts dirt and there 
is an increase in mass. They should 
always be handled with tweezers. This 
is one of the reasons why some of the 
more accurate balances are handled 
by remote control. 
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BIOLOGY 


SCORPIONS 


HE horror that is conjured up in 
many minds by the word ‘scor- 
pion’ is not altogether warranted. 
Although they are poisonous, these 
animals rarely attack without provo- 
cation and are more anxious to hide 
again when disturbed. Scorpions are 
Arachnids and thus related to the 
spiders. More than six hundred species 
are known but all conform to a general 
pattern and, as a group, are easily 
recognisable. 

The most obvious feature is the pair 
of large pincers (pedipalps). Behind 
these come four pairs of legs attached 
to the front region of the body (the 
cephalothorax). The latter 1s covered by 
a horny shield on which there are a 
number of small simple eyes. The hind 
part of the body (abdomen) is in two 
parts and is clearly segmented. Its rear 
portion is the narrow tail bearing the 
sting and poison glands. 

Most scorpions live in the arid 
regions of the world and their hard, 
— skeletons are well suited for 

Aserving water. This is a major 
roblem for desert-living animals. 
‘me species, however, live in damp 
ces and the earliest scorpions — of 
cian times — were marine animals. 
Scorpions.breathe by means of /ung- 
books. Tfiese"tespiratory organs, found 
on segmentséthfee to six of the abdo- 
men, consist of tufts of very fine plates 
of tissue, well s eet with blood, and 
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are sunk into pits‘@n the body surface. 
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At the front of the abdomen, on the 
underside, is a pair of comb-like 
organs — the pectines. They appear to 
be concerned with the sense of touch. 
Scorpions are normally nocturnal 
creatures and hide under stones during 
the day-time. They lead a solitary life 
and the great French naturalist, Fabre, 
claimed that they come together only 
to pair or to eat one another! However, 
baby scorpions — which are born alive 
—do cling to the mother’s back for 
some days before going off to fend for 
themselves. 
Young scorpions are born alive and are 
carried around by the mother for a while. 


Most species are able to withstand 
long periods of starvation and very few 
of them appear to drink at all — pre- 
sumably their food provides all the 


A scorpion in the act of catching a lizard. 
The sting is carried over the head in readi- 
ness, but is not often used. The prey is then 
broken up by the chelicerae and the juices and 
soft tissues are sucked into the mouth. 
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ABDOMEN 
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The structural features of the underside of a 
scorpion. Note the small pincers at the 
front. These are the chelicerae that break 
up the food. 


necessary liquid. Scorpions feed 
mainly on other arthropods (insects, 
spiders, etc.) and occasionally on small 
mammals or lizards. The bristles on 
the pincers seem to be concerned with 
the detection of food, the eyes being 
almost useless in this respect. When the 
prey is detected, the scorpion lashes 
out with its pincers. The sting is rarely 
used for capturing food unless the 
latter is large, but some species use it 
more readily than others. It appears 
to be mainly a defensive weapon. 

The strength and effect of the 
scorpion’s poison varies from one 
species to another. Some have only 
a weak poison that does not seriously 
harm Man. Its effects are confined to 
the tissues in the neighbourhood of the 
wound. Others, however, produce a 
poison that affects the nerves, pro- 
ducing convulsions and sometimes 
death. Countries where scorpions are 
common (e.g. Mexico and Algeria) 
have ‘serum banks’ from which the 
appropriate antidote can be obtained 
in emergencies. 

To return to the feeding of scorpions, 
the prey is normally caught in the 
pincers and then torn to pieces by the 
smaller chelicerae at the front. Scor- 
pions have no true jaws but the bases 
of the pedipalps and of the first two 
pairs of walking legs form tooth-like 
projections that help to break up the 
food. Only the juices of the prey are 
consumed — they are sucked up 
through the small mouth into the 
alimentary canal. 
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Stages in dry cleaning. After sorting into batches according to their type or colour the garments 


OW dry cleaning can be described 
as dry is a bit of a mystery, for 
articles which are dry cleaned are in 
fact thoroughly wetted in the process. 
But hardly any water goes near them. 
An organic solvent for grease is used 
instead and the article is wetted with 
this. 

When the bags of soiled clothing, 
coats, eiderdowns, carpets, etc., arrive 
at the dry cleaning factory, they are 
sorted into bins according to type, for 
obviously a carpet is not going to be 
cleaned in the same machine as a light 
woollen suit. 

Household furnishings, carpets, 
eiderdowns and fur fabric coats are 
put to one side for special treatment. 
The clothing is sorted into three 
batches according to colour — white 
and pastel shades; ‘greys’; and darks. 
The white and pastel colours go. into 
one batch, the ‘greys’ into another, and 
the blacks, dark browns and navy 
blues into another. 

Both the light and dark batches 
undergo exactly the same treatment. 
They are separated because dark 
clothing is generally much dirtier. Also 
dark fibres and fluff could be left 
clinging to the lighter coloured fabrics 
and vice versa. Articles requiring re- 
texturing treatment are kept in separ- 


undergo a series of treatments in the machine. This can include retexturing. Any stains 
remaining are treated individually and the clean garments are pressed. 


ate batches. 

In the early days of dry cleaning, Qj” 
white spirit was always used. This is a; ¥- 
petroleum fraction obtained from the _ 
oil refineries. It has largely gone out of | 
use because it is inflammable and the | 
fire risk is high. \f 

White spirit was replaced by tri- & 
chlorethylene, a derivative of the 
olefine ethylene, because there is little Re 
fire risk with this solvent. Trichlorethy- 
lene is satisfactory for natural fibres, 
but when a new synthetic fibre was put 
on the market, it caused the fibres to 
swell, allowing the dyestuffs to be 
washed away in the solvent, and there- _ 
fore had to be replaced by a chemical ;" ’: 
relative, perchlorethylene, a solvent_ ‘ 
which does not do this. Nearly all dry.’ Say 
cleaning is now done with this solvent J 
although some white spirit is still usedgga 
for special purposes. 

The dry cleaning factory has thé 
general appearance of a large-scale <~ 
launderette — full of washing mach- ; 
ines. A typical cleaning machine .~ @ 
contains a large perforated drum with 
a glass window at the front. The cloth- 
ing is loaded into this in 100 Ib loads. 
Perchlorethylene is pumped into the 
drum and to it is added a dry cleaning 
‘soap’ to help removal of water soluble 
stains. The drum revolves first in one 
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direction and then reverses for a while, 
tossing and tumbling the clothes in the 
solvent. After six minutes, this pre- 
liminary cleaning is complete. The 
dirty fluid drains away to be distilled 
and the drum spins rapidly to throw 
out any remaining fluid. 

Then filtered perchlorethylene is 
pumped in and a continuous flow of it 
circulates through the clothes while 
they are tossed around. Finally, pure 
distilled solvent is drawn through the 
clothes to make sure there is no dirty 
solvent remaining in them. The drum 
again revolves rapidly and the clothes 
are spun dry. Hot air drives away the 
remaining dry cleaning solvent, which 
is recovered to be used again. Until 
this stage, the operation has taken 
place in the cold. Heat is only used in 
the drying process. From start to finish 
the cleaning process takes about forty 
minutes. The clean but crumpled 
clothing is now ready to be removed 
from the machine. 

Water is cheap and can be thrown 
away, but dry cleaning fluid is expen- 
sive. It is, therefore, not thrown away 
after use but is recovered for future use 
by distillation. The solvent distils off as 
a vapour on heating and is considered 
to form a pure liquid. The dirt re- 
mains behind in the still. 

After prolonged wear some fabrics 
tend to lose their ‘body’ and pull out of 


shape. Pleats and creases lose their 
sharpness and it becomes increasingly 
difficult to press them back into shape. 
Sometimes retexturing can deal with 
these problems. When a garment is 
retextured, a thin layer of a thermo- 
plastic resin is coated round each 
fibre. The fibres stiffen and thicken 
and the garment becomes less floppy. 
When a thermoplastic resin is heated 
in a certain position, it sets that way on 
cooling and remains in place until it is 
reheated. After treatment with the 
resin, creases can be pressed or ironed 
into place and are retained longer 
during wear. 

The retexturing is done in the same 
machine after the article has been dry 
cleaned. The resin is added to the final 
distilled rinse, before drying. This 
thermoplastic resin treatment is chiefly 
suitable for natural fibres. Many syn- 
thetic fibres are stiff when they are 
first made and have to undergo a 
softening treatment. Resin treatment 
would only serve to make them stiff 
and unwearable again. 

The majority of the garments will 
come from the machine clean, but 
very obstinate stains remain. The gar- 
ments are inspected and _ persistent 
spots and stains are then removed. 

Food stains can often be brushed off 
when the stain is treated with a blast 
of steam from a steam gun. If the 


Batch of clothes being loaded into a dry cleaning machine. On the right 
1s the solvent recovery plant where pure perchlorethylene distils off from 
the dirty fluid that has been used in the machines. 


stain is not removed by this, soap and 
water is tried, then if this is of no use, 
attempts are made with a series of 
chemical agents. Dilute ammonium 
hydroxide (NH,OH) will probably 
help to remove blood stains. Methyl 
alcohol (CH,OH) or isopropyl alcohol 
(CH,.CH-OH.CH,) are used to bring 
out stains from ball point pens. 

It is easier to remove stains from 
white garments rather than coloured 
ones because of the risk of bleaching 
out the colour of the fabric. If the 
garment is white, chemicals such as 
reducing or oxidizing agents can be 
used without fear of this. Here, the 
stain is chemically altered and in 
doing this, loses its colour. For ex- 
ample, stubborn tea stains on a white 
garment may require treatment with 
a dilute solution of hydrogen peroxide. 

When the stain has disappeared, the 
edges of the wetted area are damped 
with a fine spray of water from a ‘gun’ 
to prevent a water mark from forming 
round the patch and the article is 
then carefully dried before pressing. 
Other stains — like paint — need or- 
ganic solvents for their removal. 

The carpets, eiderdowns, household 
furnishings etc. which have been set 
aside are cleaned in white spirit, spun 
dry, and finally dried in hot air. The 
treatment is very similar to that with 
perchlorethylene. Only the solvent 
differs. 


SOUND 


EARING AIDS 


"THERE are many kinds of deafness. 

Some people are unable to detect 
sounds of normal loudness, and they 
need to be supplied with a much 
louder, amplified sound before they 
can hear. Something has happened to 
the delicate mechanism which con- 
ducts sound vibrations from the outer 
ear (the ear lobe, ear canal and ear- 
drum) through the middle ear to the 
inner ear which contains the nerve 
endings leading to the brain. The 
mechanism in the middle ear is a 
chain of minute bones, or ossicles 
which, when they are working prop- 
erly, convey the vibrations on to the 
inner ear. A defect in this mechanism 
causes conductive deafness. 

The other main type of deafness, 
perceptive deafness, occurs when the 
nerve endings in the inner ear are not 
working properly. They do not res- 
pond to the different notes (or /fre- 
quencies). For example, many older 
people are unable to hear notes of 
high frequency very well, although 


their hearing of lower frequencies 
may be reasonably near to normal. So 
a hearing aid for them must supply 
the ear with emphasized high notes 
rather than low notes. 

At present only a limited number of 
cases of deafness can be cured by an 
operation but practically everyone 
who is ‘hard of hearing’ can be helped 
in some way with a hearing aid. Most 
people suffering from a hearing loss 
have a mixture of the two main types 
of deafness. It is essential that tests be 
carried out to record how the ear 
responds to different frequencies of 
sound. Individual mixtures vary and 
the hearing aid should be prescribed 
individually. 

The ears are tested with an in- 
strument called an audiometer. This 
measures how the ear responds to 
sounds of different frequencies. The 
patient listens to a series of notes, which 
vary from low notes like a ship’s fog 
signal to a high-pitched whistle. The 
loudness of each of these notes is 


The ears are tested with an audiometer, and 
their frequency response plotted on an audio- 
gram (below). 


gradually varied until the point is 
reached when the patient can just 
hear it. This point is called the 
threshold of hearing, and, for most 
people, it varies with the frequency 
of the note. The results are plotted 
on a hearing chart or audiogram. This 
test shows how the ear responds to 
‘pure’ notes (of one frequency). It is 
also important to find out how the 
ear responds to speech, which con- 
sists of a mixture of sounds of very 
many frequencies. 

Further tests are therefore carried 
out with selected word lists and the 
results are recorded. 

In addition, tests are made to find 
out how loud a sound a patient can 
stand. People with normal hearing can 
bear a wide range of loudness from the 
softest rustle to a supersonic bang. 
But some can tolerate sounds of only 
a narrow range of loudness before the 
sound becomes uncomfortable. 

Each ear is different, and the 
results show which ear is most suited 


OSSICLES 


Conductive deafness is caused by trouble in 
the middle ear. Perceptive deafness occurs 
when nerves in the inner ear are not working 


properly. 
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THIS END 
LEADS TO 
THE EAR 


All hearing aids are basically tiny 
amplifiers. The trend is towards 
smaller, lighter hearing aids, and 
this has been made possible by tran- 
sistors and the development of smaller 
and smaller components to accom- 
& ” pany them. The mercury batteries 

> used in the tiniest aids measure only 
about a quarter of an inch in diameter, 
and a tenth of an inch deep. 

The first part of the aid is a micro- 
phone which picks up the sound 
waves and turns them into electrical 
fluctuations. A minute balanced coil 


ACOUSTIC TUBE 


sone 
to take the hearing aid. It may be 


the better ear but the decision is based 


on the tests. An impression of the ear 


ARPHONI SECOND STAGE 


is then taken with the same sort of A CAST MADE 
IN PERSPEX 


substance used to make denture im- 
pressions. If the hearing is very bad, 
the patient may have to wear one of 
the more powerful hearing aids carried 
on the body. However, in 85°% of the 
cases, a slightly less powerful hearing 
aid worn invisibly behind the ear or 
attached to spectacles will be suffi- 
cient. 


THE FINISHED 
VERSION, JOINED 
TO THE AID. THIS 
1S SHAPED FROM 
THE SECOND 
VERSION 


TRANSISTOR AMPLIFIER 


BATTERY HOLDER, HIDING 
1} VOLT MERCURY CELL 


The perspex earmould, which fits into the 
MICROPHONE ear lobe, 1s made in three stages. 


MINIATURE | oN 7 a tone Of wire moves in sympathy with the 
: HOLE sound waves reaching it, vibrates in a 
magnetic field, and so induces chang- 
ing electric currents in the circuit 
nearby. The signal then passes through 
a transistorized circuit which ampli- 
fies it before passing it on to the ear- 
phone. The earphone acts like a loud- 
speaker, turning the amplified fluc- 
‘ tuations in current into sound waves 
Mickornone- again. A tiny plastic tube (an acoustic 
SOUND ENTERS 
HERE tube) leads from the earphone through 
the perspex earmould which fits into 
the ear canal of the Outer Ear. Ampli- 
fied sound travels along this tube to 


VOLUME 
CONTROL 
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strike the eardrum. 

The acoustic tube must be held 
steady in the ear, and to do this it is 
fixed firmly in to the personal earmould 
which is moulded to fit snugly inside 
the lobe of the ear. The perspex ear- 
mould has been made from the original 
impression of the ear. Besides holding 
the acoustic tube, the earmould pre- 
vents other sounds from reaching the 
ear. 

The most suitable aid has been 
selected bearing in mind the results 
from the audiogram and further ad- 
justments may be necessary to achieve 
the best results possible. 

When the transistor amplifier-itself 
has to be modified it is easy to do this. 
By changing some of the components, 
or perhaps adding extra components, 
it is possible to make an amplifier 
with any desired frequency response 
i.e. to supply more low notes than 
high notes, or more high notes than 
low notes. But extra components are 
avoided if possible because the hear- 
ing aid is to be light and inconspicu- 
ous. One of the ways to avoid using 
them, while still getting the required 
frequency response is to make special 
adjustments to the little cavity sur- 
rounding the microphone. 


The frequency response of the hearing aid is 
altered by plugging holes near the micro- 
phone. 
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Like the much larger cavities inside 
wind instruments, the basoon, the 
trumpet or the tuba, for instance, 
there are certain notes to which the 
aid in the space responds, or resonates. 
Sound waves of these notes can bounce 
to and fro between the walls of the 
cavity, and not destroy each other by 
getting ‘out of step’. While the long 
tubes in wind instruments resonate at 
one or two definite frequencies, the 
cavity is a less regular shape, and this 
means that it resonates over a wider 
range of audible notes. 

By stopping or opening the holes in 
musical instruments, a different note 
is produced. The cavity is resonating 
at a note of a different frequency, for 
its size has been affected by stopping 
the holes. In the same way, the 
resonance of the hearing aid cavity is 
altered by plugging or opening tiny 
holes leading into the cavity. 

Some of the sound waves reaching 
the hearing aid affect the microphone. 
Some resonate in the cavity. When the 
holes are plugged up, more high fre- 
quencies resonate. Less of these fre- 
quencies affect the microphone and 
are amplified, so the net result is that 
the lower frequency end is ‘boosted’, 
relative to the higher frequency end. 
This enables the more useful varia- 
tions of the frequency response to be 
achieved. 

One of the problems in hearing aids 
is that the microphone is very near 
to the earphone, and that a fraction of 
he amplified sound will travel back 
hrough the air, be picked up by the 
microphone, and so be amplified 
again. The result is an unpleasant 
wailing noise as the circuit oscillates 
and produces a note. Anyone who has 


stood near a megaphone has probably 
heard the same thing. The micro- 
phone part of the megaphone is very 
near the loudspeaker, and some sounds 
travel back to the microphone, again 
producing an amplified wail. Many 
tricks are employed inside the hearing 
aid to lessen this. The whole aid is 
tightly sealed, and, if the acoustic 
tube is properly held in the ear with 
the earmould, no sound can get back 
from this to the microphone. The 
loudspeaker may be wrapped in plastic 
foam to absorb some of the sound 
which might be fed back, and the 
first part of the acoustic tube may also 
be made of plastic foam for the same 
reason. 

After all these adjustments, the 
manufacturer has managed to produce 
a hearing aid which gives a boost to 
the types of sound the patient cannot 
hear very well. Somepatients simply 


ate. 


The hearing aid in position, fitting in- 
visibly behind the ear. 


require a larger volume of sound at 
each frequency than their threshold of 
hearing. However, when there is not 
very much difference between the 
threshold and the loudest sound bear- 
able, then the upper limit of the 
volume the hearing aid gives must be 
adjusted too. It should never exceed 
the amount the patient can tolerate. 

An ill-fitting and badly adjusted 
hearing aid is about as much use as the 
wrong kind of spectacles. But a 
properly fitted aid improves the hear- 
ing by keeping the ear in continual 
use. Without it, the deaf person would 
start to rely more and more on his 
other sense organs, for instance, his 
eyes, and ‘forget’ how to hear. 
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SCIENTIFIC INSTRUMENTS 


ACCURATE WEIGHING 


MEASUREMENT of weight, or, to 

be more precise, mass, can reach 
a very high degree of accuracy, (over 
one part in a million with some really 
good balances). But no matter how 
much thought and skilled craftsman- 
ship has gone into the construction of 
a precision balance, the readings may 
be valueless if the user is not sufficiently 
careful. 

The chemical balance is one of the 
most important pieces of apparatus 
used by the analyst. It is particularly 
valuable when he wants to find the 
proportion of an impurity present as 
only a very small fraction of the total 
weight of the sample. In these cir- 
cumstances more than in any others, 
great care must be exercised in the 
use of the balance. Errors could be 
introduced which are larger than the 
mass being measured. For instance an 
error of 0-001 gm. is not serious when 
weighing something whose mass is 
100 gm. It would, however, be futile 
trying to detect a difference in mass of 
0:001 gm. on the same balance. 

The vast majority of chemical balan- 
ces depend upon the principle of 
moments. ‘Two identical scale pans 
hang from a uniform beam which is 
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pivoted at its mid-point. The two 


pans hang from points on either side _ 


of the pivot and are the same distance 
from it. The beam is designed and 
loaded so that it is horizontal when 
equal masses are placed in the two pans. 
However, the balance can be affected 
by a number of external factors which 
are likely to upset equilibrium because 
they act on one part of the balance 
more than another. 

Since a precision balance is itself 
expensive it is only reasonable that it 
should be properly housed. It is 
inevitable, in many chemical labora- 
tories, that the atmosphere is con- 
taminated with corrosive fumes which 
could, in time, eat into the metal 
parts of the balance making the 
masses of the scale pans unequal. The 
air may also contain water vapour 
which could condense on the beam 
and pans and upset their own masses. 

On account of these and other 
difficulties it is now common practice 
to have a separate balance room 
which is used for nothing more than 
weighing. In some modern laborator- 


preeemances from the 
corrosive atmosphere of a chemical labora- 
tory it 1s usual to instal them in a separate 
balance room. The effect of vibration on the 
balance can be reduced by placing it on a 
substantial bench as shown. 


ies, balance rooms have been specially 
constructed so that the temperature 
and humidity are carefully controlled 
and the various other sources of error 
outlined below are reduced to a mini- 
mum. But in all the laboratories the 
humidity in the balance case itself 
can be kept low by using a drying 
agent such as silica gel. A dish or 
specially packed cartridge is placed in 
the corner of the case. Its drying 
ability can be restored periodically by 
heating in an oven at about 105°C. 

Draughts can have quite serious 
effects on the accuracy of a weighing. 
The doors of the balance case, which 
can usually be closed while the weigh- 
ing is being carried out, may afford 
sufficient protection. In general, this 
is true, but uneven temperatures in the 
balance case, such as those produced if 
a hot object is being weighed, can 
create air currents which lead to 
quite large errors. Any objects that 
have been heated must be allowed to 
cool in a desiccator before they are 
weighed. 

More accurate balances are quite 
sensitive to external vibrations. People 
walking around the balance room or 
closing adjacent doors will often cause 
irregular motion of the balance beam. 
One way of reducing this effect is to 
support the balance on a firm base 
which is subject to the minimum of 
vibration. Balances are often placed 
on slabs of concrete or marble instead 
of wooden benches. It is most satis- 
factory if the slabs are let into an 
external wall, or in a ground floor 
laboratory they may be supported 
directly by the foundations. 

The majority of balances will work 
well only if they are properly levelled 
(i.e. the base is horizontal and the 
central pillar is vertical). Levelling 
screws are provided to achieve this. 
Each time the balance is used, the 
level should be checked by reference 
to the incorporated plumb line or 
spirit level. 

Some chemical substances may 
appear to be harmless, but even if a 
substance is not corrosive, it may be 
abrasive and slight scratching of the 
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A precision balance capable of weighing to an accuracy of 0: 0001 gm. The knob on the front of the balance case controls the hanging fractional 
‘weights’. The pulley mechanism which controls these ‘weights’ is shown in the foreground of the cut-away picture (right). The illuminated 
scale on the front of the balance has a range of 0-1 gm (each division corresponding to 0: 0002 gm). The lamp which illuminates the actual 
scale on the balance pointer is prominent in the cut-away picture. 


scale pan will affect its weight. All 
substances to be weighed should, 
therefore, be placed in a previously 
weighed dish or bottle. There are 
special bottles for weighing corrosive 
or volatile liquids. Should any sub- 
stance fall on the scale pan it must be 
cleaned off immediately. 

To make the best use of the balance 
and make it last longer all weighings 
need to be performed smoothly. There 
is certainly no place for the hasty 
operator in the balance room though, 
with care, weighing may be obtained 
quite rapidly. When the balance is 
not in use, the beam and scale pans 
are locked in one position to stop the 
‘pans from swinging, and must be 


released before an object can be — 


weighed. 

This has to be done as smoothly as 
possible. Not only does it enable the 
mass to be measured more rapidly (be- 
cause the pans are. not swinging), it 
also makes the pivots last longer. A 
good balance usually has a knife edge 
of agate (a form of naturally occurring 
silica) or synthetic sapphire (pure 
corundum) as the fulcrum. This is 
supported on a perfectly flat plate. 


Sudden movement of the beam can 
easily cause the surface to become 
chipped or the knife-edge rounded, so 
instead the beam slides about on a 
rounded surface. 

To prevent unnecessary damage to 
these parts, the movement of the 
balance should always be arrested 


PIVOT 


CENTRE OF 


CENTRE OF 
GRAVITY GRAVITY 


If the beam were pivoted about its centre of 
gravity, the beam could be inclined at any 
angle and still be in equilibrium. The pivot 
is, therefore, above the centre of gravity so 
the beam is horizontal when there are equal 
masses on the two pans. 


each time any object or ‘weight’ is 
placed on the pan or taken off. This 
can easily be overlooked when using 
the kind of balance where the smaller 
(‘fractional’) ‘weights’, are added by 
remote control. In this arrangement 
the ‘weights’ are loops of wire which 
can be added or taken from the right 
scale pan by turning a knob. 

As well as eliminating the handling 
of the ‘weights’ and the risk of drop- 
ping them on the floor, such systems 
also make for more rapid results. 
Some balances of this type are capable 
of reading to 0-1 mgm (0°0001 gm). 
The last two or three figures of the 
reading are frequently found by 
measuring the inclination of the beam 
to the horizontal by optical means. 

At one time it was thought that the 
accurate measurement of weight using 
sensitive balances was a time-consum- 
ing occupation. It appeared that a 
long time had to be allowed for the 
sensitive apparatus to come to rest. 
The designers of some modern balan- 
ces have disproved this. They have 
incorporated special damping devices 
which give rapid results without loss 
of accuracy. 
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| GEOLOGY | 


Igneous and Metamorphic Rocks 


"THE crust of the Earth is believed 
to have solidified from molten 
rock or magma. Today it forms a skin 
surrounding a hotter interior zone 
where rock can still exist in this 
molten condition. 
Despite the apparent firmness and 
solidity, the crust is subjected to 


right-angles 
well-develop 


enormous strains and stresses. At some 
points, weaknesses in the surface may 
develop through which magma can 
surge. Examples of these are our 


present-day volcanoes. Volcanic 
action with the spectacular eruption 
of glowing lava has given rise to the 
term igneous (Latin, ignis—a fire) used 
in describing rocks thought to have 
formed from a molten state. 

The igneous rocks cooled on the 
surface are termed extrusive. The 
magma from which they are formed 
may vary in composition and proper- 
ties. Thick and treacly magma will 
form massive steep-sided mountains — 
the familiar cones of many of our 
volcanoes. Pockets of trapped gas 
eventually escape causing violent ex- 
plosions. Fragments of half-cooled 
rock are then thrown into the air. 
Sometimes the lumps are quite large — 
9 inches to a foot in length. These are 
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the volcanic bombs. As they descend, 
they twist and turn and the soft rock 
becomes spindle-shaped. Smaller 
particles are called lapilli meaning 
‘little stones’, while the finest dust 
forms a volcanic ash. The molten rock 
itself flows as a lava and solidifies, 
giving off gases. Small cavities or 


as have been arranged with their surfaces at 
of these rocks under the microscope. Note the 


vesicles may, as a result, be formed 
inside the rock giving a ‘frothy’ ap- 
pearance. Pumice stone is a well known 
example of this phenomenon. 

If the magma is more fluid, instead 
of forming steep volcanoes, it will 
flow in thin sheets over very large 
areas. The islands of Hawaii are made 
up of such sheets of basalt, a dark 
easily-flowing lava. 


Most of this enormous expanse lies 
beneath the sea. As a rule all extrusive 
rocks are predominantly glassy in 
structure since they cool too rapidly 
for crystals to form. 

Some magma never reaches the sur- 
face but cools within the earth. The 
igneous rocks formed are then termed 
intrusive. If the magma was injected 
into sedimentary layers along bedding 
planes, the igneous sheet formed is 
called a sill and is said to be conformable 
with the surrounding rock. Some- 
times, the magma forces its way across 
strata at angles to the bedding planes. 
These structures are called dykes and 
they are said to be unconformable. It 
may happen that the magma is 
forced through a comparatively small 
aperture in the layers and reaches an 
area where it is actually able to lift up 
the layers of overhead rock. A bun- 
shaped intrusion or Jaccolith is then 
formed. Alternatively the magma may 
cause strata beneath it to sag, in which 
case a basin-shaped intrusion or lop- 
olith develops. Laccoliths and _ lop- 
oliths are often very rich in valuable 
minerals. A large lopolith at Sudbury, 
Ontario, produces nearly _ three- 
quarters of the world’s nickel. 

Dykes, sills and lava flows come 
from huge chambers of magma that 


Magma from a single chamber may reach the Earth’s surface as volcanic larva or it may cool 
inside the crust in a variety of different shaped intrusions. Over a very long period the magma 


in the chamber may itself cool into rock. 


SEDIMENTARY 
ROCK 


METAMORPHOSED 
ROCK 


MAGMA 
CHAMBER 


may be several miles below the sur- 
face. Usually the magma cools at an 
intermediate rate producing an inter- 
mediate structure, either a glassy base 
containing a few large crystals or a 
ground mass of very fine crystals. Such 
rock is described as hypabyssal. In some 
areas, such as Cornwall or Scotland, 
the igneous activity finished many mil- 
lions of years ago. Here, even the 
magma chambers themselves have 
solidified. Rocks cooled at such great 
depths below the Earth’s surface are 
termed plutonic after the Roman god of 
the underworld, Pluto. The time 
taken for solidification to be com- 
pleted may be a million years. Crys- 
tals large enough to be seen with the 
naked eye are able to form. Examples 
of such crystalline rocks are granite. 
usually light-coloured (pink or grey), 
and the dark, heavy gabbros. 

Erosion may lay bare these old 
magma reservoirs. When of great size 
they are called bathyliths. Sometimes 
the roof of a bathylith extends up- 
wards into many domes and it is 
thought that the granite masses of 
Cornwall and the Scilly Isles are six 
domes of the same underlying bathy- 
lith. One of the largest bathyliths, in 
the United States, is over 1,000 miles 
long and 150 miles wide. 
Metamorphic Rocks 

Both igneous and sedimentary rocks 
may be altered by pressures or high 
temperature into completely different 
forms. The process is one of meta- 
morphism and the new rocks are 
termed metamorphic. 


CONE OF VOLCANO 


The Classification of 
Igneous Rocks 


The elements silicon and oxygen 
readily combine to form silicon dioxide 
or silica (SiO,). This isa very important 
mineral. In a molten state it behaves as 
an acid, combining with any metallic 
oxides present, to form a very common 
and important group of minerals — the 
silicates. 

The quantity of silica present in the 
original magma is used in classifying the 
resulting igneous rock. If a lot of silica 
is present, it will combine with all the 
metal oxides present, and some free 
silica will remain. Rocks of this nature 
are said to be acidic. If only a small 


Heat from upsurging magma may 
alter the crystalline form or even the 
mineral constitution of the surround- 
ing rocks. This process is described as 
thermal metamorphism. Shales, for in- 
stance, may be altered into hornfels, 
granites to layered gneiss and lime- 
stones recrystallized into marbles. 

Metamorphism of surrounding rock 
may often be used to tell whether an 
igneous layer is a sill or lava flow 
which has become covered with later 
sediments. In the case of the sill, 
thermal metamorphism will have 
taken place on either side of the 
intrusion; a lava flow will metamor- 
phose only the rocks beneath since its 
upper surface is in contact with the 
open air. About large intrusions. a sur- 
rounding zone (or aureole) of ther- 
mally metamorphosed rock may be 
several miles thick. 

Though pressure alone can bring 
about a few mineral transformations, 
its more noticeable effect is in causing 
new slatey or needle-like minerals to 
crystallize with their flat faces or long 
axes at right angles to the pressure. In 
this way, roofing slates are formed 
from shales. The so-called slatey cleavage 
possessed by slates is thus in no way 


quantity of silica remains in the un- 
combined state, the rocks are des- 
cribed as intermediate. The so-called 
basic rocks have even less silica and 
none of it remains in the free state. 
Finally, there are sometimes found 
heavy, dark, ultra-basic rocks, so poor 
in silica that none of the metal oxides 
is completely converted to silicates. 

All four types of rock may cool either 
slowly, deep in the crust (plutonic), 
rapidly on the Earth’s surface (volcanic) 
or at an intermediate speeds near the 
surface (hypabyssal). In the table a 
working classification of the igneous 
rocks is shown. 


connected with the original bedding 
planes of the sediments. Change 
caused by pressure is termed dynamic 
metamorphism. Often, heat and pres- 
sure combine on a large scale causing 
alterations in rocks over great areas. 
This is regional metamorphism, and 
is an important feature of mountain 
building. 

For a long time it was a mystery 
as to what had happened to the 
country rock in regions where bathy- 
liths had formed. Huge bathyliths, 
hundreds of square miles in surface 
area, are not uncommon. Where is the 
original rock? It is now believed that 
the surrounding rock, or rather the 
material of which it was composed, is 
still present in the bathyliths. Under 
the influence of increased tempera- 
ture, possibly caused by the seeping in 
of hot rock ‘juices’ from even further 
beneath, the country rock itself de- 
veloped into a magma. This process is 
termed ultra-metamorphism. Thus a 
cycle is complete. Igneous rocks form 
from a magma. They are eroded and 
give rise to sedimentary rocks. These 
under intense temperatures, may be 
reconverted to magma from which 
more igneous rock can develop. 
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[ ELECTRICITY | 


RING CIRCUITS 


JF a fault develops in an electrical 
appliance or if a circuit becomes 
overloaded, the wire in the fuse should 
melt. The flow of electricity in the 
circuit is broken and the danger of 
fire or electric shocks is removed. 

The traditional system of wiring 
(still found in some older houses) is 
unsatisfactory because several differ- 
ent plug sockets are often served by 
one fuse. A fault in one appliance 
can, therefore, put several more out 
of action until the fault has been 
traced and the fuse repaired. Further- 
more the fuses for all the circuits are 


A ring circuit consists of a closed loop of 
wires (live and neutral) which runs around 
one room or more usually around the whole 
house. As each plug contains a suitable fuse 
it may be plugged into any socket. 
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near the mains fuse and the electricity 
meter, and are sometimes rather inac- 
cessible. 

This system may have been ade- 
quate in the days when electricity was 
used for little more than lighting and 
heating. However, it proved very 
costly to extend it to provide power 
for the great variety of electrical 
appliances — television sets, refrigera- 
tors, vacuum cleaners and hair driers — 
which are now used in so many homes. 

These and other drawbacks led to 
the introduction of the ring circuit 
system which is cheaper to instal and 
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is more flexible. One great advantage 
is that the plug for each appliance 
contains a fuse, so that when the fuse 
‘blows’ only the one appliance is put 
out of action. Nothing else is affected. 


The Traditional System 


This system of wiring with all the 
fuses concentrated in one place in.the 
house was very wasteful in materials 
as each circuit radiated from the 
central point. It was also common 
practice to provide 2 amp, 5 amp and 
15 amp plug sockets. The 2 amp 
sockets which were intended for 
standard lamps and other low wattage 
appliances formed part of the lighting 
wiring. 5 amp sockets were provided 
to serve electric irons and appliances 
with similar rating. It was recommen- 
ded that groups of three of these 
sockets should share a 15 amp fuse. 


PLUG WITH 


Three different sizes of plug for the traditional system. 


Other 15 amp fuses supplied power to 
15 amp sockets (one fuse for each 
socket). 

Plugs and sockets for the three 
different ratings were supplied in 
three different sizes, the 2 amp being 
the smallest. By this means it was 
possible to prevent high wattage ap- 
pliances such as electric fires being 
plugged into the 2 amp (lighting) 
circuit. Ideally at least three sockets 
(one of each size) had to be provided 
in each main room of the house. As 
this was expensive it led to abuses of 
the system — either standard lamps 
and radios were exposed to unneces- 
sary danger by fitting 15 amp plugs 
to them, or the system was overloaded 
by having several appliances running 
from a single socket via an adaptor. 
There was also a great temptation to 
have leads trailing across or round a 
room, and these provided unnecessary 
safetv hazard. 

The Ring Circuit System 

As its name implies the basic circuit 
in this system is a closed loop. A pair 
of wires (line and neutral) runs from 
the 30 amp power fuse through the 
main rooms of the house and back 
to the power fuse again. There are 
two routes which the electricity can 
take from the 30 amp main fuse to any 
one socket, so the cable size can safely 
be reduced. In fact 20 amp cable is 
sufficient to carry the load. 

The other important simplifying 
feature of this system is that the 
sockets and plugs are of one standard 
size. This is possible because each 
plug contains the appropriate fuse. 
In this way the system is much more 
flexible. As it is no longer necessary 
to have different sockets, a table lamp 
or an electric fire may safely be 
plugged into one and the same socket. 


The need for householders to keep a 
stock of the different fuse cartridges 
cannot be over emphasised. Replacing 
a ‘blown’.2 amp fuse by one rated at 13 
amps could lead to the radio attached 
to it being damaged in a subsequent 
failure. 

If there are three sockets around 
a room it is possible to plug in to 
the nearest socket without trailing 
wires across the room. The leads 
from the appliance to the socket can 
therefore be kept short. Another useful 
feature is that if the arrangement of 
the furniture in a room is altered 
there will still be suitable plug sockets 
close to the standard lamp and the 
television set. 

The ring circuit system depends for 
its success upon one important as- 
sumption, namely that in an ordinary 
three-bedroomed house the maximum 
demand for electricity (excluding elec- 
tricity for cooking) is about 30 amps. 
(This is equivalent to a power con- 
sumption of about 7 kW.) It was 
argued that although there may be 
some 15 plug sockets it is very un- 
likely that more than two electric 
fires will be plugged into the one ring 
circuit at the same time, even in very 
cold weather. (With this system of 
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Unifted fused plugs for the ring circuit system. 


wiring they may, of course, be plugged 
in to any socket.) 

In larger houses it is necessary to 
have more than one ring circuit 
experience has shown that one circuit 
should be provided for each 1,000 sq. 
ft. of floor area. However, if more than 
one circuit is installed, the load should 
be balanced between the circuits. It 
would, for instance, be unsatisfactory 
to have one circuit to serve bedrooms 
alone, since there is a distinct pos- 
sibility of the circuit being overloaded 
at certain times. 

As will be seen from the diagrams 
it is not necessary for all the sockets 
to form part of the ring. It is per- 
missible to have one or two sockets 
on spur wiring. Such an arrangement 
reduces the cost of installing sockets 
in the farthest corners of the house 
perhaps the supply for an immersion 
heater in the attic. 

Although the principal purpose of 
the ring circuit is to provide sockets 
for portable electric appliances, some 
fixed equipment (e.g. electric fires, 
water heaters and clocks) may also be 
supplied from it. However, a separate 
circuit has to be provided to serve an 
electric cooker. The fixed lights are 
also separately fused. 
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Wiring diagrams for traditional and ring circuit systems. 
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BIOLOGY 


IMITATION ink 


HERE are probably over one-and- 
a-half million different kinds of 
living animal. Many of these kinds 
number thousands of millions of in- 
dividuals. It is, therefore, hardly 
surprising that there is a great deal of 
competition among animals; there is 
truly a ‘struggle for existence’. This 
great competition has led to every 
conceivable form of defence and 
attack. Speed, armour plating, warn- 
ing coloration and foul smell are 
often used as survival means. Some 
of the most interesting and remarkable 
adaptations, however, are those con- 
cerning camouflage and mimicry. 
Camouflage involves the resemb- 
lance of the animal to its surroundings 
so that it is inconspicuous to_ its 
predators and, indeed, to its prey. 
Some of the best examples are to be 
found among the insects. Many butter- 
flies, although they may be brightly 
coloured on the upper side, resemble 


leaves when at rest. Suck-insecis and 
leaf-insects are other well-known 
examples. Several species of tree- 
hopper are almost indistinguishable 
from thorns when sitting on the 
Appropriate twigs and various cater- 
pillars resemble twigs themselves. 
Some sea-horses are disguised so well 
that they completely disappear against 
a background of sea-weed. 

It must not be thought that the 
animals concerned copy their sur- 
roundings in order to merge with 
them. This is very bad zoology. The 
resemblances must have been there to 
start with and the Theory of Natural 
Selection can be used to explain the 
close similarities. Individual animals 
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Thorn hopper and leaf butterfly well 


camouflaged when at rest, by resembling thorns and leaves. 


vary a lot and some would have 
resembled the surroundings more than 
others. The better camouflaged ones 
thus stood more chance of surviving 
and their offspring too, resembled the 
surroundings. Gradually the present 
form was obtained for all the indi- 
viduals. 

Mimicry is the name given to the 
cases where an animal derives benefit 


os 


resembling 
§ 


from another animal 
rather than its surroundings. It is just a 
special case of protective coloration 
and can be explained by the Theory 
of Natural Selection. Among so many 
species of insect it is not unreason- 
able to assume that a number of them 
will look alike, and if one species is 
protected — by evil smell, sting or 
warning colours ~ other similar-look- 


Bees and wasps are mimicked by many insects. The Drone fly is a true fly but, when feeding 


Srom flowers, it looks very much like a bee. 


DRONE FLY 


HONEY BEE 


These two butterflies are 
both distasteful to birds and 
benefit by sharing a similar 
colour pattern. This ts 
Mullertan mimicry. 


ing ones will also derive benefit. The 
resemblance will then be continued 
and improved by natural selection 
over many generations. 

In 1861 a naturalist named H. W. 
Bates was travelling along the Amazon 
and observed that large numbers of 
black and brown butterflies were 
congregating despite the presence of 
many insect-eating birds and other 
animals. The butterflies were protec- 
ted by having a distasteful flavour but 
occasionally there appeared specimens 


A good Batesian mimic is the harmless Bee 
Hawk (bottom) which greatly resembles a 
bumblebee when in flight. 
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of a very different kind. They looked 
ike the common ones but lacked the 
distasteful flavour. Bates realised that 
the edible species were protected 
from enemies by virtue of their re- 
semblance to the other butterflies and 
that here was an example of mimicry. 
This type of example, where a harm- 
less species imitates a harmful one, is 
known as Batesian mimicry. 

The animals that are ‘copied’ are 
called the models and the others, the 
mimics. Predators soon learn that 
certain types of insect or certain 
colour patterns are associated with 
stings or vile taste and they leave 
all such insects alone. The mimic 
thus gains protection. Even if only 
one per cent of the mimics are saved, 
there is a great advantage. The model 
and mimic must obviously live in the 
same areas and mix freely. They must 
also behave in a similar fashion. For 
example, many spiders mimic ants. 
The spiders have dark marks on their 
sides that give the appearance of a 
narrow thorax while the front legs 
are held out rigidly in front as if 
they were antennae. All this would 
be useless if it were not accompanied 
by the correct behaviour, and so they 
dash to and fro in the urgent manner 
of ants, mingling with them so well 
that even trained entomologists have 
captured them thinking they were 
ants. 

Obviously, for this type of mimicry 
to be effective, the models must be 
much commoner than the mimics. If 
this were not so, the predators would 
be quite likely to associate good food 
with the colour pattern and both 
mimic and model would decline. 

There are, however, many instan- 
ces, notably among tropical insects, in 
which both models and mimics are 
common, and both are distasteful to 
predators. This type of mimicry is 
called Miillerian, after the Brazilian 
naturalist Miller who described it in 
1879. There may be two or more 
similar species. The advantage of the 
system is seen in the training of would- 
be predators. Suppose a bird requires 
150 attempts before it realises that 
certain insects can sting. If a second 
species is also distasteful, three 
hundred insects will die before one 
bird learns to avoid these two species. 


However, if the two insect species 
share a common colour pattern, only 
seventy-five of each will perish. Thus 
the mimicry is effective and the more 
species sharing the pattern the better. 

So far, the examples considered have 
all been those of animals avoiding cap- 
ture, .i.e., for defence. The same 
mimicry can also be used to disguise 
attack. The saying about wolves in 
sheep’s clothing is quite true in nature. 
We have, therefore, a third type of 
mimicry — that in which a predator 
imitates its prey so that it can have the 
element of surprise in its favour. The 
most remarkable examples of this type 
of mimicry are to be found amongst 


The behaviour of the spider and the way that 
it holds its front legs out in the manner of 
feelers, allow it to mingle safely with ants. 


An assassin bug (bottom) that mimics a 
small wasp on which it feeds. 


the Assassin-bugs, a very apt name. 
These are carnivorous creatures and 
live upon various other insects. They 
are remarkably like their prey, even 
to the smallest detail so that some 
species resemble stick insects while 
others look like mosquitoes or even, 
in one case, the Praying Mantis. The 
Assassin bugs can deceive even human 
collectors. 
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| PHYSICAL CHEMISTRY | 


A phase diagram. Pure liquid A boils at 
100°C and pure B boils at 140°C. The 
boiling points of mixtures of A and B 
are shown by the lower curve. The 
composition of the vapour boiling off is 
shown by the upper curve. 


UITE often the chemist has to 
separate two liquids that have 
been mixed together. If, like oil 
and water, they remain in separate 
globules and do not mingle thoroughly, 
then the answer is simple. Leave the 
mixture of liquids to stand and it 
separates out into layers. One layer 


can be poured off leaving the other 
behind. 


But two liquids like ethyl alcohol 
and water do not remain as separate 
phases when they are mixed. They 
dissolve in one another forming a 
solution in which no globules of 
alcohol are suspended. No matter how 
long this solution is left to stand, it will 
never separate out but will always 
remain uniform throughout as a single 
phase. To separate the water from the 
ethyl alcohol, a different technique is 
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Phase Diagrams 
and Distillation 


needed. 

For many liquid mixtures, distil- 
lation is the answer and almost com- 
plete separation can be obtained. But 
for some liquid mixtures this is quite 
impossible. A close study of the phase 
diagrams of these mixtures reveals 
why. 

A phase diagram is a type of graph. 
Some of these are extremely complex, 
but the diagrams dealing with the 
distillation of a mixture of two liquids 
are relatively simple. Temperature is 
usually plotted along the vertical axis 
and the composition along the hori- 
zontal axis of the graph. 

Zero on the horizontal axis rep- 
resents one pure substance, i.e. the 
composition is 100% of one com- 
ponent and none of the other. The 
composition a little to the right of it 
will be 99% of that component and 
1% of the other. The point at the far 
end of the line represents a compo- 
sition ‘of 100% of the other com- 
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What distills off when a 50.50 mixture of A and B is heated. 
This diagram indicates the composition of the first few drops 
of liquid to distil off and condense. 


ponent. Half way along the line the 
composition is 50-50. Every possible 
composition is represented on_ this 
axis. 

Two lines make up the graph, one 
representing the composition of the 
liquid being boiled and the upper line 
shows the composition of the vapour 
coming off. 

If the liquids have different boiling 
points and the graph is made up of a 
single loop with the liquid and vapour 
lines which form the loop joining at 
each side of the graph, then the two 
liquids can be separated by distillation. 
But if the graph is of any other shape, 
then distillation will not separate 
them. 

Why does only the one shape of 
graph give complete separation and 
the other not? 

The two liquids to be separated 
must have different boiling points. 
Say A has a lower boiling point than 
B. When the liquid 50% A and 50% B 


70% 60% 50% 4% 30% 20% +%10% 0% 
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- Continued distillation. As A-rich vap- 
our comes off, the composition of the 
liquid left behind gradually changes. 
Consequently the composition of the 
distillate changes too. 
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, the temperature rises unti 
the boiling point of the mixture is 
reached. The lower curve represents 
the boiling liquid. The liquid boils 
and a vapour comes off, but the 
vapour is much richer in A. How 
rich? Draw a vertical line up from 
composition 50% A 50% B until the 
line reaches the lower curve. This is 
the boiling liquid. Extend the line 
from this point horizontally across 
until it cuts the upper curve. The 
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1% 22% 30% 0% 50% 
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point where it cuts represents the 
composition of the vapour being dis- 
tilled off. 

But the vapour is taking away more 
A, and as this happens the liquid left 
behind becomes increasingly more 
concentrated in B. As more vapour 
distils off the composition gradually 
changes, becoming more and more 
concentrated in B and weaker in A. 

If small amounts of the vapour are 
collected and condensed and redistil- 
led, the vapour becomes still more 
concentrated in A and the liquid left 
behind again grows stronger in B. To 


obtain completely pure A and com- 


pletely pure B, this must be done over 
and over again. 

No one wants the tedious task of 
condensing small fractions of vapour 
and redistilling again and again. The 
sensible thing is to use a fractionating 
column and let it do the job. The 
column is placed above the vessel in 
which the liquid mixture is being 
heated. Some of the vapour coming 
off condenses in the first section of the 
column. More’ vapour _ bubbles 
through, giving up some of its latent 
heat so that a vapour richer in A can 
distil off to be condensed in the section 


Le, 3 
80% 9% 100% 10% 20% 


%o W% 50% 


above where the process is repeated. 
The liquid richer in B drips down the 
column. After a while the liquid 
dripping back is almost entirely B, 
while that emerging from the top of 
the column is nearly pure A. 

The two other types of phase dia- 
grams each consist of two loops joined 
in the middle at a single point. In one 
type the loops arch upwards — like a 
cat with its back arched. The other 
type arches downwards — U-shaped. 
Fractional distillation yields no separa- 
tion, but only a liquid whose compo- 
sition is represented on the graph by 
the point where the two loops meet. 
Pure ethyl alcohol will not distil off 
from a mixture of alcohol and water 
because its phase diagram is of the 
two-loop variety. 

The phase diagrams show exactly 
why this happens. Just as before, it is 
best to pick a liquid of any composi- 
tion and draw a line vertically up- 
wards till it reaches the lower-curve. 
Extend the line horizontally to find 
the composition of the vapour coming 
off. Repeat to find out what happens 
when the vapour is redistilled and 
take into consideration what is hap- 
pening to the liquid left behind. 


“. CHANGING 
COMPOSITIO 
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60% 70% 80% W% 100% 


These two liquids cannot be separated by distillation. The 
starting liquid is 60% X, 40% Y. As distillation continues, the 
liquid remaining becomes increasingly concentrated in Y. 
First vapour of composition |, then 2, 3, 4, 5, etc. comes off. 
When enough vapour has boiled off point Z is reached, the 
liquid of composition 40% X, 60% Y boils to give a vapour of 
the same composition. No further progress can be made. 


These two liquids cannot be separated by distillation. Attempts 
are being made to separate a mixture which is 90% M and 10% 
L. As vapour distils off, the liquid remaining becomes increas- 
ingly more concentrated in M. But when the vapours I, 2, and 
3 are redistilled several times a liquid composition Z (50% L, 
50% M) is obtained. The vapour coming off has the same 
composition as the boiling liquid so no progress can be made. 


1407 


| FAMOUS SCIENTISTS | 


ROBERT BUNSEN 


Robert Bunsen with two of his inventions, the Bunsen burner and the 
Bunsen grease spot photometer used for comparing the intensities of 
two light sources. 


yp B® BUNSEN 
® BuRNER 


WEAKER 
LIGHT 
SOURCE 


BUNSEN GREASE SPOT 
PHOTOMETER 


PARCHMENT 
REFLECTS 
MOST LIGHT 


— 
‘GREASE pe 
YT . SPOT u 
N r1gth-century Germany a kind of TRANSMIT 
scientific aristocracy developed. LIGHT 


FALLING 


At that time, chemists were very 
important people, held in great esteem 
by the rest of the population. Not only 
did they gain respect but the successful 
scientists were often very well paid 
and able to entertain on a lavish 
scale. The general atmosphere of 
chemical fervour attracted the best 
brains of other countries and no one 
could really claim to be an accom- 
plished chemist until he had studied in 
Germany. 

Robert Wilhelm Bunsen (1811— 
1899) was one of the most colourful 
characters on the 1gth-century Ger- 
many scene. He first started his studies 
of zoology, chemistry and physics at 
his home town of Gottingen in Ger- 
many and followed this up with more 
studying in Paris, Berlin and Vienna. 
Finally, in 1852 he was made profes- 
sor of chemistry at Heidelberg Univer- 
sity. 

Bunsen was a fearless experimenter. 
In the course of one experiment, he 
lost the sight of one eye, but this did 
not stop him from repeating the same 
experiment for his students, terrifying 
the ones sitting in the front row. 
Another time he nearly killed himself 
with arsenic poisoning. While experi- 
menting with arsenic he discovered 
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that hydrated ferric oxide was a 
successful antidote to the poison. 
Bunsen’s name is chiefly remem- 
bered for the piece of laboratory 
equipment named after him — the Bun- 
sen burner. Gas was the obvious 
laboratory fuel, but if you just open a 
gas tap and put a light to the jet, a 
wispy, luminous, comparatively cool 
flame is produced. There is not suffi- 
cient oxygen for the gas to burn 
completely and unburnt carbon de- 
posits itself as a black layer on any- 
thing being heated in the flame. 
Bunsen designed his burner to make 
the gas flame more efficient so that 
it was hotter and did not deposit soot. 
He did this by having an air hole of 
variable size at the bottom or chimney. 
A draught of air was then swept up 
with the gas stream. To get a clean, 
roaring flame the mixture must con- 
tain about 24 times as much air as it 
does gas. If too much air is allowed in, 
the flame travels down more quickly 
than the gas stream moves up, making 
the burner light from the bottom of 
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IS USED FOR COMPARING THE 
INTENSITIES OF LIGHT SOURCES 


the chimney instead of the top. (i.e. 
strike back). Bunsen experimented 
with chimney sizes, and different 
sized airholes until he found a satis- 
factory result. 

Robert Bunsen did not concentrate 
all his efforts in one direction, but 
made important discoveries in several 
different fields. He invented a carbon- 
zinc electric cell and an ice calori- 
meter. He separated the metal 
magnesium in quite large quantities 
and used some of it as a source of light. 
He worked on gas analysis and also 
studied the solubilities of gases in 
liquids. Another invention, the Bunsen- 
grease spot photometer, a device for 
comparing the intensities of light 
sources also still bears his name. 

Bunsen and his co-worker Kirchhoff 
made a study of the spectra given out 
when elements were heated. Two un- 
identified spectra led these men to 
discover two new metals, rubidium 
and caesium. 

After a very active life Robert 
Bunsen died in 1899 at the age of 88. 


FAMOUS SCIENTISTS 


GEORGE SIMON OHM { 


The size of an electrical cur- 


I=¥. 


rent flowing between two points is 
equal to the electrical pressure (or 
voltage V) divided by the resistance of 
the wire through which the current is 
flowing. This is one of the first facts 
learned today by any student of 
electricity. 

It is now known as Ohm’s law and is 
universally accepted, but when it 
was first put forward in 1827 by Georg 
Simon Ohn, very little notice was 
taken. In fact, 16 years passed before 
his law received recognition. For, in 
those days, the noisy blustering scien- 
tist with influential friends comman- 
ded much more attention than 
someone as quiet and reserved as Ohm. 

Ohm was born at Erlangen in Ger- 
many in 1789, the son of a master 
mechanic who was determined that 
his son should be taught mathematics 
and physics. Late in life, his father 
started to learn mathematics and 
physics from books so that he could 
teach what he had learned to his son, 


giving him lessons when school was 


over for the day. 

When he was sixteen, the boy 
started to study these subjects at the 
University of Erlangen, but unfor- 
tunately the family was so short of 
money that after two years he was 
forced to leave and take a teaching 
post in Switzerland. Later he was able 
to complete the course and gain his 
degree but once again lack of money 
forced him to leave research work at 
the university. So once more, Ohm 
became a teacher. After 4 years 
teaching in Bamberg, he spent ten 
years teaching at the Gymnasium in 
Cologne. It was here that he did his 
important research work. 

When Ohm started his research, 
electricity was described in woolly 
terms of quantity and tension. There 
was no precise way of expressing the 
behaviour of. an electrical current. 
Ohm resolved to do something about 
this. Fourier had already been working 
on the conduction of heat and came to 
the conclusion that there was a con- 
tinuous temperature drop along a 
conducting material and the quantity 


Georg Simon Ohm measuring the current 
passing through the copper strip. The 
current is generated by the bismuth copper 
thermocouple. One metal Junction is dipping 
in tce and the other in boiling water. 
Because there is a constant temperature 


difference the e.m.f. does not vary. 
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of heat flowing through depended on 
how quickly the temperature dropped. 
Ohm wondered if electricity behaved 
in the same way when potential 
difference was substituted for tem- 
perature drop and electricity for heat. 

First he used a voltaic cell as a 
source of electricity and completed 
the circuit with a long connecting 
wire. By connecting a capacitor at 
different places, and studying how 
much it charged, (this would be 
proportional to the potential at the 
place) he was able to show that there 
was a steady drop in potential along 
the wire. 

In later experiments, a thermo- 
electric couple provided an invariable 
source of e.m.f. Ohm used a copper 
circuit into which a strip of bismuth 
was joined. One junction was surroun- 
ded by melting ice and the other by 
boiling water. He used the deflection of 


OT 
UNCTION 


a suspended magnet to measure the 
current size and noted how the size of 
the current varied when different 
resistances were added to the circuit. 
He was very meticulous about all his 
readings and despite the primitive 
instruments he was using, his results 
were surprisingly good, good enough 
to conclusively prove that “The cur- 
rent is equal to the driving tension or 
electro-motive force divided by the 
resistance.’ 

Ohm realized the importance of his 
findings and expected to be given a 
university lectureship. He resigned his 
teaching post but was offered no 
lectureship. 

He remained out of work for 5 years. 
Eventually, sixteen years after his dis- 
covery, recognition did come. In his 
sixtieth year he became a lecturer at 
Munich University. Five years later 
he died. 
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PALAEOGEOGRAPHY 


HE Silurian period opened ap- 
proximately 350 million years 

ago with conditions closely resembling 
those of the Ordovician. There were 
again distinct facies such as the shelly 
shallow-water deposits, the geosyn- 
clinal grits and the deep-water black 
shales. But volcanoes were no longer 
active; apart from a few local occur- 
rences, such as in the Mendip Hills, 
the Silurian remained free from igne- 
ous extrusions. Graptolites continued 
to flourish and remain the most 


MONOGRAPTUS - EARLY 
LANDOVERY TIMES 


YELLOW 
PATCHES 
SHOW WHERE 
SILURIAN ROCKS 
OCCUR TODAY 


CYRTOGRAPTUS 
FROM WENLOCK 
TIMES 


accurate fossils for dating the rocks. 
Most Ordovician forms had died out 
but the new, single-stranded Mono- 
graptus, appeared and _ such fossils 


characterize Silurian rocks. Mono- 
graptus and a few relatives were the 
last graptolites ever to. evolve. The 
very last species disappeared towards 
the close of the Silurian, and with it 
the race became extinct. 

In shallow-water, many types of 
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MONOGRAPTUS 
FROM LUDLOW 
TIMES — THE 
LAST BRITISH 
GRAPTOLITE 


AN BRITAIN 


Ordovician trilobite survived but the 
distinctive Trinucleus and Asaphus had 
vanished. Forms with large eyes, such 
as Phacops and Dalmanites, became 
conspicuous. Extremely specialized 
‘spiny’ forms such as Deiphon are 
thought to have been modified for 
swimming. Brachiopods were numer- 
ous and whole banks of shells are 
preserved where they accumulated on 
the sea floor. Reef-forming corals 
flourished, as today, where the seas 
were clear, and free from muddy sedi- 


MONOGRAPTUS 
— LATE LLANDOVER 
ES 


to the east. 


ments. Though not closely related to 
modern forms, their mode of life 
appears to have been identical. Thus 
the Silurian waters in which they grew 
are thought to have been similar, in 
depth and temperature, to today’s 
coral seas. In very late Silurian de- 
posits, a few scales and spines show 
that early fish were just beginning 
to multiply. 

The Silurian period is divided into 


At Moffat, the trough was 
rapidly filling up. In the 
Welsh area, the sea steadily 
advanced over the land mass 


three stages. First the Llandovery, then 
the Wenlock and finally the Ludlow. At 
the start of the Llandovery, the sea in 
Wales retreated slightly from the land 
mass to the east, but otherwise, the 
areas of deposition were much the 
same as the end of the Ordovician. The 
geography is accurately known from 
studies of the rocks themselves. In 
South Wales at Llandovery, shallow- 
water sandstones and mudstones with 
shelly deposits indicate that a coast- 
line lay near to the south-east. Further 
north-west in Central Wales there are 
up to 10,000 feet of gritty muds where 
the trough was situated. Still further 
north at Conway and Criccieth, in 
place of this immense thickness of 
rock, one finds a mere 60 feet of black 
shales. This area is thought to have 
been the centre of the trough remote 
from any land. It thus received only a 
very little sediment. The Lake District 
was directly connected with Wales as 


DEIPHON 

— PERHAPS A 
FREE SWIMMING 
TRILOBITE 


proved by the identical fossils. As 
at Conway, the rocks were thin shales 
thought to have accumulated far from 
shore. 

Minor earth movements occurred 
throughout the Llandovery and in 
Wales the Upper Llandovery sea 
advanced eastward over the land, as 
far as Birmingham. The Longmynd 
Mountain in Shropshire stood out of 
this sea as an island, for old shingle 
beaches and sand spitsof this age are 
preserved about it. Similar eastward 
advances of the sea also took place in 
the Lake District. 

The Llandovery deposits in the 
Moffat geosyncline in Scotland show 


some similarity in their fossils to the 
Welsh rocks. A connection was there- 
fore probable. At Moffat itself, thin 
shales first accumulated indicating 
that this area remained the centre of 
the trough. Girvan, to the north, was 
still near the shoreline, for great 
thicknesses of coarse deposits accumu- 
lated here. Suddenly at Moffat, thous- 
ands of feet of coarse sediments swept 
right into the trough. Uplift of the land 
to the north, providing an increased 
supply of sediments, is thought likely. 
But at the same time the trough was 
unable to deepen any more. The rocks 
became more and more shallow-water 
types as progressive silting up took 
place. By the end of the Llandovery, 
the trough was almost filled. Only a 
little room was left for deposition in 
the later Wenlock and Ludlow times. 

The Wenlock and Ludlow stages 
are named after Shropshire towns. In 


DALMANITES 
- A LARGE-EYED 
SILURIAN TRILOBITE 


Shropshire itself the sea remained 
shallow and limestones were precipi- 
tated from the clear, warm water. 
Muddy conditions alternated with the 
limestones, indicating times when sedi- 
ments were again washed into the area. 
Today the limestones form the familiar 
‘edges’ of Shropshire with the shales 
forming intervening valleys. Similar 
rocks were deposited in Herefordshire, 
Gloucestershire and as far east as 
Birmingham. In South Wales there 
was too much sediment in the seas for 
pure limestones to develop and cal- 
careous sands and muds were de- 
posited. The last Silurian rocks in 
Shropshire are sandstones with shal- 
low-water ripple marks. The fossils are 
stunted, brackish water forms indi- 
cating that the area was finally silting 
up and was probably cut off from the 
sea. 

Westward in the Welsh trough, 
coarse rocks of enormous thickness 
accumulated during Wenlock and 
Ludlow times. Even at Conway, where 


Psilophytes, early land plants, lived in late Silurian times. The squid-like mollusc (cephalo- 
pod) was related to the present-day Nautilus. The Eurypterids, animals related to the 
scorpions, appeared for the first tume in the Silurian seas. 


previously there were only thin shales, 
sandstones and conglomerates occur- 
red. Further uplifting of a land mass in 
the present St. George’s Channel is 
thought to have provided a source for 
these sediments. But again, as at 
Moffat, the trough was able to sag no 
more. The deposits built up towards 
the surface of the sea and by the end 
of the Silurian, the Welsh geosyncline 
had become filled. In the Denbigh 
Moors, in North Wales, Ludlow rocks 
show actual signs of slumping where 
the weight of the rapidly accumulating 
sediments is thought to have caused 
sliding down steep geosynclinal slopes. 

The Lake District has an identical 
history to that of Wales in Wenlock 
and Ludlow times. More than 10,000 
feet of coarse sediments poured into 
the trough where previously only 


shales had been deposited. As in 
Wales, the trough was filled in by the 
end of the Silurian. 

The silting-up of all three troughs 
culminated in great earth movements. 
The geosynclines had been stretched 
downwards to their limits and filled 
with sediment. Finally, at the very end 
of the Silurian, they buckled under the 
strain. The sediments which had ac- 
cumulated inside were squashed as 
though in a vice, and folding and 
faulting still identifiable in these rocks 
developed. The buckling of the troughs 
had removed the great pressure in the 
Earth’s crust, and the folded geosyn- 
clinal rocks were as a result uplifted. 
They formed the Caledonide Moun- 
tains which provided a source for 
sediments in the following Devonian 
period. 
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INORGANIC CHEMISTRY 


DIN the / 
RMULA 


AT is the formula of magnesium 

oxide? What makes up each 
molecule? Is a single magnesium atom 
partnered by one, two, three or four 
oxygen atoms? Perhaps there is more 
than one magnesium atom per mole- 
cule. 

At a guess, the formula will be MgO 
with each molecule containing one 
atom of each type. Magnesium has a 
valency of two and therefore is capable 
of combining with two atoms which 
have a valency of one or a single atom 
having a valency of two. Because 
oxygen has a valency of two, it seems 
reasonable to think that one atom of 
magnesium would combine with just 
one atom of oxygen to form a com- 
pound of formula MgO. 


The formula of magnesium oxide is deduced 
Srom the results of this series of experiments. 


HOT OBJECTS 
ARE HANDLED 
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The percentage by weight of mag- 
nesium and oxygen in the sample is 
found by experiment. The important 
factor is not the percentage, but the 
numbers of each type of atom present. 
Magnesium atoms are heavier than 
oxygen atoms. Their weights can be 
discovered from the atomic weight 
tables. By dividing the percentages by 
the relevant atomic weights, the pro- 
portions in which the atoms are 
present can be found, giving a valuable 
lead to the formula of the compound. 
The Experiment 

When a piece of magnesium is set 
alight it burns with a brilliant white 
flame. White clouds of smoke come 
off and a white ash is left behind. 
The white particles in the smoke and 
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the white ash left behind are both 
magnesium oxide (contaminated with 
a little magnesium nitride). There has 
been an increase in weight because the 
magnesium has taken some oxygen 
from the air. This is the key to finding 
the formula. The experiment is per- 
formed so that no oxide smoke can 
escape and therefore the exact in- 
crease in weight can be found. 

The magnesium is to be heated ina 
crucible fitted with a lid to stop the 
smoke from escaping. The first task is 
to weigh the clean crucible together 
with its lid. This is done on an accurate 
balance and the result is written down 
in a notebook together with a descrip- 
tion of the reading — weight of crucible 
and lid = ? gm. If it is written down 
on a scruffy piece of paper, somebody 
else will probably tidy it away or light 
a Bunsen burner with it. 

Magnesium is usually sold in the 
form of a large roll of ribbon. There is 
no point in creating a fierce fire by 
using too much ribbon. A 4 in. strip of 
ribbon will be quite sufficient for this 
sxperiment. The strip of ribbon is 
pollédsimio a ball so that it will fit into 

tigiple and is also carefully 
The mass is written down 
the weights are still on the 
ance pan and is checked to make 
Bure it is correct while the weights are 


® being removed. 


The roll of metal is placed in the 
porcelain crucible and firmly covered 
ith the lid. It is now ready for 


heating. An ordinary metal tripod is 
S>laced over the Bunsen burner and a 
Ppipe-clay triangle is laid on top of 


CRUCIBLE AND 
ON ARE 


the tripod. The crucible can sit quite 
safely in the triangle and can also be 
lifted out again without any trouble. 
Porcelain can be heated to really high 
temperatures without cracking, but if 
a cold crucible gets a sudden blast of 
heat it will crack. The Bunsen is lit and 
the airhole is adjusted to give a fairly 
gentle flame, not a luminous one which 
will deposit soot all over the crucible 
but certainly not a roaring one. The 
crucible is warmed gently by this 
flame for a few minutes before closing 
the airhole of the Bunsen and letting 
the flame roar. 

After a short while the magnesium 
in the crucible becomes so hot that it 
bursts into flame. It is not advisable 
to lift the lid off and take a peep to see 
if this is happening. Clouds of mag- 
nesium oxide particles would escape 
and the results would be worthless. It 
is best to be patient and leave the lid 
on and the Bunsen roaring for about 
quarter of an hour. There might have 
been insufficient oxygen for all the 
magnesium to burn. By now the oxide 
dust should have settled. Using a pair 
of tongs the lid is slightly dislodged to 
let in more air and heating is con- 
tinued for a few minutes more. All the 
magnesium should be in oxide form by 
now and the bottom of the crucible is 
probably glowing red hot. It cannot be 
weighed in this condition but must be 
allowed to cool first. So that it cools 
more quickly it is best to transfer the 
crucible with tongs to an asbestos mat 
or to a desiccator. The bench would 
burn if the crucible were placed 
directly on it. 

When it is sufficiently cool, the 
crucible together with lid and con- 
tents is weighed. Although it is un- 
likely, some magnesium metal may 


THE CRUCIBLE 
IS SUCCESSIVELY 
RE-HEATED AND WEIGHED 


UNTIL TWO IDENTICAL 
RESULTS ARE OBTAINED 


en 


The tiny roll of magnesium ribbon is being 
oxidized by heating it strongly in a covered 
crucible. 


still not be converted into oxide. The 
crucible lid is once more lifted to give 
it a fresh charge of air and the crucible 
is given a further brief heating. The 
cooling and weighing process is re- 
peated. If this weighing coincides with 
the previous one the oxidation is com- 
plete and the experiment is over. 
Should the second reading be slightly 
greater than the first, it means that 
during the second heating more mag- 
nesium was oxidized dnd there is no 
proof that further oxidation could not 
take place. The reheating and weigh- 
ing is repeated until two consecutive 
results are identical. The whole pro- 
cess of repeated heating and weighing 
is known as heating to constant weight. 

The increase in weight is found 
from these results. It is the weight of 
oxygen that has combined with the 
magnesium. The percentage by weight 
is found and using the atomic weights 
of magnesium and oxygen it is proved 
that there is one atom of oxygen pre- 
sent for every magnesium atom. 

The formula is probably MgO. Al- 
though this is the most likely answer 
it is not conclusive proof. The formula 
could be Mg,O, with two atoms of 
magnesium and two of oxygen per 
molecule or Mg,O, with three of each. 
The weight of one molecule is needed 
to finally clinch the formula. The 


WEIGHI UCIBLE 
fe) E 
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Results 
Weight of crucible = 4-3216 gm 
Weight of magnesium 

ribbon = 1-0450 gm 
Weight of crucible + 

oxide = 6-0530 gm 


Weight of crucible + 

oxide after re-heating = 6-0536 gm 
Weight of crucible + 

oxide after further 


re-heating = 6-0536 gm 


Calculation 

Weight of oxide (6-0536—4-3216 gm) 
= |-7320 gm 

Percentage of magnesium in oxide 


( -0450 ,. 100) = 60-33% 
1-7320 

Percentage of oxygen = 39-67% 
Percentage of magnesium & ; =)= 2-48 
atomic weight 24-32, 
Percentage of oxygen @2 ie 
atomic weight 16 00 
Conclusions 

For every 248 magnesium atoms there 
are 248 atoms of oxygen. For every 
single atom of magnesium present 
there is one atom of oxygen. The 
formula for the oxide is probably MgO 
although it could be Mg,O, or Mg,O3. 


molecular weight is in fact 40°32, the 
sum of the atomic weights of oxygen 
and magnesium. The molecule must 
contain only one atom of each element 
and the formula must be MgO. 
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LTHOUGH television is now 
taken for granted in many 
homes, the development of a cheap 
and reliable method of transmitting 
and receiving pictures and sound is a 
remarkable achievement. 

In sound broadcasting, a micro- 
phone picks up the sounds and con- 
verts them into electrical signals that 
are amplified and turned into a form of 
electromagnetic waves. These are 
capable of being transmitted over long 
distances. In television, an electronic 
camera picks up a picture and trans- 
lates the optical image into a series of 
electrical impulses. These, too, are 
amplified and processed so that video 
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In the television camera an image of the 
scene is formed by a lens system. This 
optical image is converted into a train of 
electrical impulses that are fed to the 
transmission aerial. 


troduction to 


(visual) information may be sent, 
using electromagnetic waves, over 
long distances. The video signals have 
to be accompanied by sound signals so 
that, say, the lip movements on the 
screen tie in with the words spoken. 
Then, when the waves strike the 
receiver aerial, the receiver is able to 


make a faithful reproduction in sound 
and vision of the scene in the studio. 


The Television Camera 


Cine cameras photograph moving 
objects by taking many still photo- 
graphs in one second. When these are 
projected and presented to the human 
eye the effect of smooth continuous 
motion is produced. In a television 
set, using the same principle, 50 com- 
plete pictures are presented every 
second. This, however, is practically 
the only similarity between the two. 
The two systems differ because a com- 
plete frame cannot be transmitted at a 
particular instant in time by a tele- 
vision transmitter but only the detail 
in one small part of the scene is trans- 
mitted at one instant. The scene 
presented to a television camera is 
scanned. 

The difference between the two 
methods can be seen more clearly by 


EVISION 


considering two ways of looking at a 
book. The eyes can take in an illustra- 
tion almost at a glance. This corres- 
ponds to the way a cine camera takes 
one frame. To digest the information 
contained in newsprint, however, the 
eyes rest on one word at a time and 
progress from left to right across a line. 
At the end of a line they move back to 
the left hand side of the next line and 
so on until they finish the page. This 
corresponds to the way the television 
camera scans a scene. 

In the television camera, an image 
of the scene is projected by a system 
of lenses on to a small mosiac screen. 
The screen is covered with minute 
cells, each one quite separate and 
insulated from the others. Each cell 
can liberate a number of electrons 
when light falls on it. As long as light 
falls on a cell, it gains electric charge. 
The stronger the light, the greater the 
charge that accumulates. To transmit 
the image falling on the mosiac screen 
the tiny cells must be scanned in turn 
to see how much charge each cell has 
gained. 

The scanning is done by a beam of 
electrons which are generated at the 
cathode of the camera tube and accel- 
erated towards and past the anode. 


In the television receiver, the electrical impulses picked up by the aerial are amplified 
and presented to the cathode ray tube. In the tube, the electrical impulses are used to 
reproduce the scene picked up by the camera. 


The grid controls the strength of the 
beam. This whole assembly is called 
the ‘gun’. Pairs of horizontal and 
vertical deflection coils deflect the 
beam to scan the cells. As the beam 
passes over the tiny cells it discharges 
each cell in turn and creates a succes- 
sion of current surges that are fed to a 
resistor. The varying voltage 
duced across the resistor by the 
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The electron beam sweeps out amaster on 
the face of the cathode ray tube. The sig- 
nals fed to the grid of the tube affect the 
number of electrons hitting the phosphor so 
that the brightness of the spot on the face 
varies. The variations in brightness enable 
the picture to be ‘drawn’ by the beam. 


pulses is then amplified. These varying 
voltage pulses represent the brightness 
of fragments of the scene being tele- 
vised. When these voltage variations 
are transmitted to a television receiver 
they are used to vary the brightness of 
the screen of the television receiver at 


The scene focused on the signal plate causes 
the tiny mosaic elements to become charged 
up. Ihe scanning electron beam neutralises 
the charge on each element in turn causing 
current to flow in the resistor R. The train 
of pulses passing through R 1s passed on to 
an amplzfter. 


exactly the same points in the scg 
cycle. The original scene,as*thus re- 


t sensitive screen. Specially shaped 
pulses from the time base generator are 
passed through the deflection coils. 
These make the electron beam scan the 
screen, line by line, so that the beam 
starts off at the top left hand corner, 
and finishes at the bottom right hand 
corner. 


The Transmitted Signal 


By scanning the picture, a series 
of electrical pulses representing 
the brightness of small elements in the 
scene is produced. Microphones in the 
studio produce a succession of pulses 
that represent the sound. A further set 
of signals is also necessary to produce 
an effective television. These are 


needed to synchronize the television 
receiver with the television camera. 
This means that if, say, the electron 
beam in the camera is ‘reading’ the 
right corner of the camera screen, 
then the electron beam in the tele- 
vision tube is ‘writing’ on the top right 


corner of the television tube. 

The electrical pulses that drive the 
electron beam back and forth across 
the face of the camera are also used to 
provide the synchronizing pulses. 

So the vision signal, sound signal, 
and synchronizing pulses all have to 
be transmitted together. They are all 
impressed together on to an electrical 
wave that oscillates back and forth at 


tens or hundreds of millions of times 
each second. 

By making the szze of the oscillating 
wave vary with time, the information 
that the signals represent is carried 
from the transmitter to the receiver. 

The time base synchronizing signals 
are turned into a suitable form in a 
pulse generator and fed, together with 
the video signal, to a video amplifier. 
They then pass to a modulator where 


CAMERA TUBE 


In the sequential scanning system the 
electron beam scans one line of the 
mosaic, from left to right (A to B) very 
quickly ‘flies back’ to the beginning of 
the next line. The beam of electron in 
the cathode ray tube of the receiver 
copies the movement of the camera 
beam, drawing a replica of the original 
scene. 


CATHODE RAY TUBE 


they, together with the sound signals, 
are impressed on to the high fre- 
quency oscillations produced by the 
master oscillator. This produces the 
modulated wave carrying all the 
required information. After amplifi- 
cation, it passes to the transmitter. 
The Television Receiver 

The electromagnetic waves sent out 
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At the transmitter. Video pulses from the camera are mixed with synchronizing pulses from 
time-bas generator. These are impressed on the very high frequency oscillating signals 
from the master oscillator, by the modulator. The final modulated signal is amplified and 
transmitted. The sound signal is transmitted at a slightly higher frequency than the vision 
signal. The high frequency wave train is generated at a separate master oscillator. 


by the transmitter aerial strike the 
receiver aerial and induce electrical 
signals in it. 

The receiver first of all amplifies 
these signals because although they 
were very powerful when they left 
the transmitter they will probably be 
very weak when they reach the re- 
ceiver. Then, the very high frequency 
oscillations, modulated with sound, 
vision and synchronization signals 
have to be ‘unscrambled’. 

Each Broadcasting Station trans- 
mits in its own frequency ‘channel’. 
In the United Kingdom, programmes 
are transmitted in a range of fre- 
quency channels from 40 million 
cycles per second (40 Mc/s), to 215 
Mc/s. The required channel is selected 
at the receiver. 

The frequency of the signal is much 
too high to be amplified properly, so 
its frequency is reduced by mixing it 


with an oscillating signal that is 
always 35 Mc/s higher than the in- 
coming signal. The effect is to produce 
a ‘difference’ signal oscillating at 35 
Mc/s, the intermediate frequency signal. 

This mixing process is carried out in 
the frequency changer. 
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The early cameras were improved to be- 
come more sensitive by separating the 
function of sensing the light and storing 
the charge. The image of the scene 
is focused on a continuous transparent 
screen which emits electrons in pro- 
portion to the light falling upon each 
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At the receiver the very high frequency signal received at the aerial is amplified by the 
radio frequency amplifier. It is reduced in frequency by pumping in a wave train from the 
local oscillator. The sound and vision signals are then separated and amplified before being 
detected. The detected sound signal is used to drive the loudspeaker. The detected vision 
signal is used to vary the voltage on the grid of the cathode ray tube, and the synchroniza- 
tion pulse is used to make the time base circuits operate in step with time base generator 


in the camera. 


The signal emerging from the fre- 
quency changer is one at 35 Mc/s, 
modulated with the vision signal and 
with the sound signal. The signal is 
then detected, and the sound and vision 
signals extracted. The sound signal 
passes after amplification to the loud- 
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particular area. The electrons move 
on in parallel lines to a second sheet 
or mosaic. This sheet is not  sensi- 
tive to light. The electrons strike this 
sheet and dislodge many other elec- 
trons. This effect is called electron 
multiplication and gives these cameras 
their increased sensitivity. 
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speaker. The vision signal, after ampli- 
fication, passes to the cathode ray 
tube. The synchronizing pulses are 
carried along with the video signal 
and are fed to the time-base units. 
These units produce currents that 
make the electron beam sweep out 
the raster on the cathode ray tube face 
in step with the ‘scan’ at the camera. 
The synchronizing pulses make sure 
that the scan of the cathode ray 
tube keeps time with the scan in the 
camera. 


Producing the Picture 


In the receiver, a beam of electrons 
sweeps back and forth across the face 
of the cathode ray tube. The face is 
coated with a phosphor that glows when 
it is struck by the electrons. 

The brightness of the glow is con- 
trolled by varying the voltage on the 
grid of the tube. This controls the 


number of electrons reaching the 
phosphor. The electron beam is moved 
in the tube by passing, as in the 
camera, currents through deflection 
coils. There is a vertical coil and a: 
horizontal coil. The currents to the 
coils are produced by the time base 
circuits, and these circuits are ‘locked’ 
to the synchronizing pulses received 


INTERLACED SCANNING 
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Each complete scanned picture is called 
a frame. lf only a few frames. were shown 
in one second the result would be that 
the screen would appear to flicker. If 
more than about 50 frames per second 
are shown the flicker disappears and a 
steady picture results. The frequency of 
the mains supply in Britain is 50 cycles 
per second and it is found that if certain 
difficulties are to be avoided the number 
of pictures per second must be related to 
the mains frequency. Thus the frame fre- 
quency must be 25 or 50 cycles per second. 
It is found that 25 frames per second is not 
quite high enough to eliminate flicker, so 
that 50 frames per second is used. An 
ingeneous method is used to reduce the 
amount of information which would have 
to be transmitted if 50 complete frames 
were transmitted each second. The 
method is called ‘interlaced scanning’. 
The travelling spot on the cathode ring 
tube traces out parallel lines on the 
screen, but there is a gap between 
adjacent lines which is twice the gap used 
in sequential scanning. The spot traces 
out alternate lines. 


from the transmitter. 

So, as the beam moves down the 
tube, line by line, the brightness 
signal fed to the grid makes it draw 
lines of varying brightness — corres- 
ponding to the brightness of the lines 
in the original scanned picture in the 
camera. 
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BIOLOGY 


SPINY-SKINNED ANIMALS 


F all the animals that can be found along the shore, the 
starfishes are some of the most interesting. Together 
with the brittle stars, sea urchins and a few others, they 
compose the animal phylum called Echinodermata. This 
word is derived from the Greek echino — meaning spiny — 
and derma — meaning skin. The name refers to the fact that 
the animals have a rough surface caused by numerous 
chalky plates embedded in the skin. The echinoderms are 
all marine animals of moderate size. As a group, they are 
easily recognisable and very distinct from other inverte- 
brate animals. If the invertebrates had a common origin, 
the echinoderms must have diverged from the main line 
very early in evolution. 

Echinoderms, like the Coelenterates (corals and jelly- 
fishes) , show a radial symmetry with the parts arranged more 
or less regularly around a central point. There is no brain 
nor is there even any structure that can be regarded as a 
head. The nervous system is very simple and consists of 
networks with thicker strands around the mouth and 
along the arms or radii. Sense organs are poorly developed 
and special excretory systems and respiratory organs are 
lacking in most of these animals. There is a true coelom 
(i.e. a space separating the gut and internal organs from 
the muscles of the body wall). Tiny projections from the 
coelom reach the surface as skin-gills. The skin is very thin 
and oxygen can diffuse in from the surrounding water. 
This is especially so in starfishes. 

A feature unique to these animals is the water vascular 
system. This is a system of water-filled canals which runs in 
the body. Tiny branches reach the surface and are known 
as tube feet. They are used for moving about and also aid in 
respiration. In general, the sexes are separate but a few 
species have both male and female structures in one 
individual. The sex cells are usually shed freely into the 
water where they join in pairs to produce young animals. 


A diagrammatic section of a starfish disc and arm. The tube 
feet are used for movement in this way: they are extended by 
pumping water in and the suckers make contact with the rock. 
The muscles of the feet then contract and the combined suction 
of the many feet is sufficient to draw the animal forward. (Insert) A 
section of the skin gills and the tiny pincers: 
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These young are very unlike the adults, having a bilaterally 
symmetrical appearance. They are very different from 
most invertebrate larvae but some show striking resemblan- 
ces to the larvae of Balanoglossus—a worm-like animal 
believed to be close to the ancestors of the backboned 
animals. In spite of the seemingly primitive features, the 
echinoderms are very common and widespread animals. 
They exist at all depths in the seas and are known to have 
existed since Cambrian times some 500 million years ago. 


The Starfishes 
Living echinoderms are split into five groups or classes 


of which the most familiar is the starfish group (Asteroidea). 


THE EDIBLE SEA URCHIN 


> 
_—s 


\ 


These animals are flattened and normally have five arms 
radiating from the central disc. The mouth is underneath 
and so are the tube-feet which occur along the arms. The 
skeleton is flexible and is made up of numerous separate 
chalky plates. They are formed by and embedded in the 
dermis (lower layer of skin) and the skeleton is therefore 
an endoskeleton. Projections from the plates make the 
surface rough. Some projections develop into spines and 
tiny pincers called pedicellariae. The latter are on moveable 
stalks and pick up pieces of sand and dirt, thus keeping the 
surface clean. This is especially important around the skin 
gills. On the upper surface of the animal there is a small 


perforated plate through which water flows into and out of 
the water system. 

Starfishes feed upon various molluscs and other sea- 
living organisms, and they are often serious pests in oyster 
farms. The starfishes use the suction of their tube feet to 
open the shells and then push out their stomachs over the 
mollusc. The partly digested food is sucked up and passes 
into the digestive glands in the arms. In this way, very little 
indigestible food is taken in and, in many species, an anus 
is absent. 


Brittle Stars 


These animals (Ophiuroidea) are often confused with the 
starfish but are structurally quite different. The central 
disc is sharply separated from the arms and the latter do 
not contain digestive glands. The arms are used for moving 


Sea Cucumbers (Holothuroidea) 

In these animals the skeleton consists merely of tiny 
scattered plates. The body as a whole is leathery and, 
as the name suggests, elongated. Tube feet around the 
mouth are modified to form tentacles. As the animals lie 
on one side they show a superficial bilateral symmetry. 
Small creatures may be caught in the tentacles but food is 
usually obtained by scooping mud into the mouth, aided 
by a structure resembling the lantern of the urchins. 


Sea Lilies and 
and Feather Stars (Crinoidea) 


This, the last group of echinoderms, differs from those 
mentioned above in that all the members, at least when 
young, are attached to the sea-bed by a stalk. The mouth 
faces upwards from the centre of the cup or disc and is 


A STARFISH 


Members of the five classes of living echinoderms drawn in their 
natural surroundings. 


but the tube feet play no part in this: they lack the suckers 
of the starfish. 

The stomach cannot be everted and the animals feed on 
small prey captured by the arms or collected by pushing 
mud into the mouth. Spines around the latter help in 
feeding. There is no anus and any undigested food passes 
out again through the mouth. 


Sea Urchins 


This group (Echinoidea) contains many species of 
globular animals which are without arms. The radial 
symmetry is maintained however and the tube feet occur 
in five rays around the body. The skeletal plates form a 
rigid shell (test) through which the tube feet pass. The latter 
end in suckers and, when not extended, nestle among long 
spines and many small pincers. 

The skeleton is made up of numerous plates in well 
defined rows. The tube feet pores and the bases of the 
spines are all evident. Such structures are quite important 
in classifying urchins, especially the fossil ones of which 
there are many. The mouth is on the undersurface and is 
surrounded by a framework known as Aristotle’s lantern. 
Attached to this are five strong teeth that project from the 
mouth. The animals feed chiefly on seaweeds and possess 
an anus. 


A BRITTLE STAR Sie FEATHER STAR 
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surrounded by a ring of arms. There are no spines and the 
tube feet have no suckers. Tiny hairs (cilia) cover parts of 
the arms and beat so as to cause a current of water to flow 
towards the mouth. This current carries food particles to 
the mouth. The crinoids and various related fossil groups 
were important in Palaeozoic times and some Carbonifer- 
ous limestones consist almost entirely of their remains. 
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The road gradient is one-in-five. The ‘one’ is the vertical side of a right-angled triangle, 


and the ‘five’ is the sloping side, or hypotenuse. 


HE slope, or gradient, of a road 
need not be known very precisely, 
and it is most easily measured by 
finding the increase in height corres- 
ponding to a certain distance along 
the slope. A road sign saying ‘Steep 
Hill, 1 in 5” implies that for every five 
feet a car goes along the road, it goes 
up (vertically) one foot. These two 
distances are two of the sides of a 
right-angled triangle. The distance 
moved vertically is the vertical side of 
the triangle and the distance along the 
slope, the sloping side, or hypotenuse. 
The gradient of the road is the rate of 
change of height with distance. 
However, in mathematics, gradients 
are measured in a different way. The 
same right-angled triangle is used, but 
instead of involving the sloping side, 
the gradient is found by dividing the 
two other sides. The gradient is equal 
to the length of the vertical side divi- 
ded by the length of the horizontal 
side. 


The car crosses the cross-roads at 30 miles per hour. It is timed at 


various distances from the cross-roads. 


TIME = 40 MINUTES 


TIME = 20 MINUTES 


THE CAR’S VELOCITY 
IS CONSTANT THROUGHOUT 


Gradients are important in mathe- 
matics since they show rates of change, 
or how quickly quantities are chang- 
ing. The most convenient way of seeing 
the changes is to make a graph of them. 
For example, the movement of a car at 
varying speeds can be followed on a 
graph, with distance up the vertical 
‘y’ axis and time along the horizontal 
‘x’ axis. The car crosses the ‘cross- 
roads’ at the origin (x = 0, y = 0) and 
travels at a steady 30 miles an hour. 
Successive positions of the car (its dis- 
tance from the origin and correspond- 
ing time) are plotted on the graph, and 
provided the car keeps going at a 
steady 30 miles an hour, the graph is a 
straight line. The gradient of the line 
is not calculated in the same way as the 
gradient of the hill. 

The gradient is a vertical step divi- 
ded by its corresponding horizontal 
step. It can easily be measured by 
drawing in a right angled triangle 
with the sloping graph as the hypoten- 


The gradient is usually the vertical side 
over the horizontal side. 
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use. When the horizontal step is one 
hour, the vertical step is 30 miles. 


The gradient is therefore 30 miles 

| hour 
which is another way of writing 30 
miles per hour, the velocity (or speed) 
of the car. The gradient of a graph 
of distance against time is the velocity. 
However, it is most unlikely that 
the car will go for an hour without 
accelerating or slowing down. If the 
velocity is constant, the slope of the 
graph is a constant; the graph is a 
straight line. But as soon as the car 
changes its velocity, the slope changes, 
and the graph becomes curved. This 
is to be expected, for when the 
velocity is not constant, the slope is not 
constant. Nevertheless, the velocity is 
still given by the gradient of the graph. 


A graph of distance against time. The gradient 1s constant, 


because it is the velocity of the car. 
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DISTANCE IN MILES 


GRADIENT = 10 MILES 
= 30 M.P.H. 


The slope of the curve at each instant 
is equal to the velocity at that same 
instant. 

Although the line may form a 
smooth curve, it is approximately a 
succession of short straight lines joined 
to one another. Each has a slightly 


different gradient, but, since each: 


little bit is a straight line, its gradient 
can be calculated in the same way as 
the gradient of the graph of the car 
moving at constant speed. 

In practice, the best way of finding 
the gradient from the graph is to move 
a ruler along the curve until it just 
touches it. In this position the ruler 
has the same gradient as the short 
straight line approximating to the 
curve. It is the hypotenuse of a 
triangle. The horizontal and vertical 
sides of the triangle are drawn in, 
measured and divided to calculate the 
gradient. 

The gradient of a distance/time 
graph gives the velocity. Another ex- 
pression for velocity is ‘rate of change 
of distance with time’. In a similar 
way, the gradient of a graph showing 
how the velocity alters with time (i.e. a 
graph of velocity against time) gives 
the rate of change of velocity with 
time — in other words the acceleration. 


Finding the gradient by moving a ruler 
along the curve until it just touches 
it. All these triangles give exactly the 
same gradient. 
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is the velocity at that instant. 


GRAPH OF DISTANCE AGAINST TIME 
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The gradient after two seconds is 22 30 


VELOCITY AGAINST TIME 


feet per second and after four seconds 
it is 44 feet per second (30 m.p.h.). It 25 
increases because the car is accelerating. 
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acceleration, and is constant. 
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The car accelerates from rest to 
30 miles an hour in four seconds. 
When distance is plotted against 
time, the graph is not a straight 
line. The gradient at each point 
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Velocity (found from the gradients) plotted 
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PRINTING PROCESSES 


USICAL scores and maps, bank 
notes and books, posters, period- 
icals and postage stamps are among 
the products of the printing trade, 
but what is not generally realized is 
that there are several completely 
different processes for reproducing a 
succession of identical copies, from a 
master surface. The choice of process 
will depend upon many factors — the 
nature of the matter to be printed, the 
quality of the product and the number 
of copies needed. 
The production of daily newspapers 
and bank notes are perhaps extreme 


examples, but they serve to illustrate 
these points. Newspapers are pro- 
duced quickly bv the /etterpress process. 
The designs of bank notes have to be 
intricate to discourage forgery so the 
recess Or intaglio process is used for re- 
producing the main design. The serial 
numbers on notes are usually added by 
letterpress, while the third main process 
(lithography) is sometimes used to 
provide background colours and pat- 
terns. 

The principal differences between 
those three processes should be clear 
from the diagrams. In the letterpress 
process it is the raised parts of the plate 
which receive ink from the ink roller 
and which leave a coloured impression 
on the paper. 

As its name implies, the design to be 
printed by the recess process is cut into 
the plate. When the ink roller passes 
over, ink collects in the recesses. A thin 
layer of ink will also be deposited on 
the surface of the plate and this has to 
be wiped clean since the surface cor- 
responds to the uncoloured areas of 
the design. Only when the plate has 
been wiped clean is the paper pressed 
against the plate. In this way the paper 
receives ink from the recesses. 
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So in both the letterpress and recess 
processes it is the variation in levels 
over the printing plates which deter- 
mines the areas of the printed impres- 
sion that receive ink and those that 
remain uncoloured. In contrast, the 
plates used for printing by lithography 
are flat. Those areas of the plate which 


The three basi printing processes. In 
intaglio or recess printing, the design is 
cut into the plate, in the letterpress process 
it is the raised parts of the plate which 
deposit colour on the paper. Lithographic 
plates are flat. 
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are to remain uncoloured are kept 
moist with water and since water and 
grease repel one another, the wet 
areas of the plate do not take the 
greasy ink from the roller. It is only 
those areas which are already greasy 
that attract the greasy ink and sub- 
sequently deposit it on the paper. 


Making a line block for the letterpress 
process — here the surface of the plate is 
being etched with acid. Only those areas 
which are to print are left ‘type high’. 


The Letterpress Process 


This, the oldest process, is still the 
principal method employed for print- 
ing straightforward text, as distinct 
from pictures and diagrams. Since it 
is an easy matter to set ordinary text 
from moveable and raised type, this 
process is widely used for printing 
newspapers and books. 

However, the production of blocks 
for illustration purposes was tedious 
while it had to be done by hand. The 
engraver of a letterpress plate has to 
cut away all areas of the design which 
are to remain white. It is only those 
areas left untouched that pick up ink 
from the roller. On letterpress plates 
dark areas are obtained by leaving a 
large area of the plate to receive ink. 
Thick lines or many lines close to- 
gether also give dense coloration. 

The original blocks for letterpress 
printing were made of box-wood and 
were called wood-blocks. The next 
development was to use metal blocks, 
but in making these the engraver’s 
task could be lightened by etching 
away the unwanted areas with acid. 
The surface of the plate was coated 
with varnish or other acid resistant 
material. The engraver scraped the 
varnish from the areas which were to 
be uncoloured in the printed copy. (It 
was only these areas which were 
attacked by the acid etch). 

As with all the processes, photo- 
graphic means can now be used in 


The first stage in making a photogravure 
cylinder. The carbon tissue bearing a print 
of the original design being transferred to 
the cylinder. The paper is stripped off 
leaving the coating behind. 


’ 


CARBON 
ARC LAMP 


ginal is  photo- 
graphed through a 
glass screen which 
divides the subject 
into a network of 
dots of various 
sizes. 


making plates for reproducing pictures 
and diagrams by the letterpress pro- 
cesses. The type of plate (half-tone or 
line) depends upon the nature of the 
original. If it consists of continuous or 
dotted lines on a white background, 
the original may be photographed and 
a line block made directly from the 
photograph. Many diagrams, maps 
and cartoons are reproduced by line 
blocks. 

There is normally a considerable 
variation in tone (from white through 
various shades of grey to black) on a 
photograph. But the only way these 
tones can be reproduced in a single 
colaur by the letterpress process is 
for the light tones to be represented by 
small dots surrounded by a compara- 
tively large area of white. Darker 
tones have larger dots with less white 


The coated cylinder is then etched with 
acid. Those areas of the coating which 
recewed a lot of light are more resistant to 
sei by the acid as the coating is hardest 
there. 


(HALF-TONE) ~~ 


“PHOTO- : 
LITHOGRAPHY 


Letterpress (half-tone), photogravure and photolitho cylinders much enlarged to show the 
different pattern of dots used to reproduce variations of tone in the three processes. 


space around them. The design can 
be broken down into such a pattern of 
dots by photographing the original 
through a glass screen on which a net- 
work of fine diagonal lines has been 
drawn. 

A coarse screen with as few as 60 
dots to the inch is used in making 
half-tone blocks for newspapers. (The 
quality of newsprint does not allow 
the use of a finer screen — smaller dots 
would fail to contact the ‘valleys’ of 
the rough surface of the paper). How- 
ever, in the production of fine art 
plates which will be printed on high 
quality shiny paper much finer screens 
with perhaps 150 or 200 dots to the 
inch are used. 

Once the photograph is taken the 
negative is fixed and developed. A 
print of this negative is then made ona 
piece of sensitized metal (i.e. metal 
coated with light sensitive material). 
The negative is arranged so that the 
print on the metal is reversed, like a 
rubber stamp so that the copy printed 
from the metal will be the correct 
way round. The plate is then treated 
with acid so that the areas which are 
to be printed are left untouched (i.e. 
they are ‘type high’). Those areas 


Before the design is transferred to a 
lithographic plate it is covered with glass or 
steel balls and sprinkled with abrasive 
powder, and rocked gently for an hour. 
This graining process makes the shallow 
pits to retain the water. 


which are to remain uncoloured will 
be etched out with acid. In this way 
the upper surfaces of these areas are 
dropped below the level at which ink 
can be picked up from the ink roller. 
On a line block the finished design will 
consist of uninterrupted areas of metal 
while the surface of a half-tone block 
will be made up of a regular pattern of 
dots. 

Generally copper is used in making 
half-tone blocks, while the majority of 
line blocks are made of zinc. 


The Intaglio Process 


The recess or intaglio process is 
widely used in the production of bank 
notes and postage stamps, although 
many stamps are now printed by the 
other processes. (This method has 
been superseded, for other classes of 
work, by the photogravure process 
which is based on similar principles). 
The design is formed by recesses in the 
plate, so when it is printed on paper 
the ink stands out in relief on the 
paper’s surface. 

With this process the engraver has 
a different means of obtaining the 
correct intensity of colour, since the 
deeper (within reason) he cuts the 
grooves in the plate the more ink they 
will hold and deposit upon the paper. 
Normally grooves which are deep and 
wide are cut where the design is to be 
heavily coloured while tints (i.e. 
shaded areas) are obtained by cutting 
fine continuous or dotted lines which 
are only shallow. No grooves are cut 
(i.e. the plate is left level) where the 
design is to remain uncoloured. In 
order that the ink may be drawn from 
the deepest grooves in the plate, when 
copies are being printed, great pres- 
sure has to be applied. Sometimes the 
paper is heated or moistened to 
enable it to drop slightly into the 
per grooves and so facilitate the 
emoval of the full quantity of ink. 
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The Photogravure Process 


This is a special variation of the 
intaglio process in which the plates 
are made by photographic means. 
Some work produced by photogravure 
may be confused with letterpress 
printing from half-tone plates since in 
both instances the design (when 
viewed through a magnifying glass) 
consists of a regular pattern of dots. 
However, closer examination of 
photogravure work will show that all 
the ‘cells’ (or dots) are of the same 
size. 

This method is used in making 
intaglio plates from photographs, 


paintings or drawings. There is con- , 
siderable variation in tone on all 


these, i.e. in some areas there is more 
colour than in others. To make the 
plates the original is photographed in 
the normal way. A positive print on 
glass or film is made from the negative 
and a print is made from this positive. 
In the positive print the dark areas of 
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the original will be only lightly col- 
oured, while the uncoloured parts of 
the original are black. 

This print, which is made on special 
sensitized paper (carbon tissue) is then 
pressed face downwards on to a 
smooth copper plate or cylinder. The 
paper on which the print was made is 
then carefully peeled off leaving the 
coating behind. After this film has 
dried hard it is treated with an acid 
etching solution. 

The acid bites deepest through 
those parts of the coating which re- 
ceived a little light —the more light 
reaching the sensitized coating during 
printing, the harder and more resistant 
to acid the coating becomes. Those 
areas of the film which received a lot of 
light correspond to the white areas of 
the original. No acid will bite through 
these areas, so they remain level with 
the surface. 

To print copies from the cylinder, 
its lowest surface is dipped in a trough 
of volatile ink with fine particles of 
colouring matter dispersed in it. The 
surface is wiped clean by a ‘doctor’ 
knife. The paper, often in a continu- 
ous roll or ‘web’ is pressed against the 
cylinder. The paper picks up the ink 
from the ‘wells’, the amount of, ink 
depending upon the volume of the 
well. The solvent evaporates rapidly 
leaving the colour on the paper. 


Lithography 


Originally, polished limestone sur- 
faces were used as the printing plates 
for this process. While the stone was 
still dry, those parts of the design 
which were to be coloured were 
drawn on the stone in greasy ink or 


Diagrams showing the essential features of 


printing by offset-lithography and rotary 


photogravure. 


crayon. (The design was, of course, 
drawn in reverse on the stone). The 
stone was then wetted, but water 
adhered only to the parts of the stone 
which were free of ink. When the ink 
roller, charged with greasy ink, passed 
across the stone, only the greasy parts 
collected ink. No ink was left where the 
stone was wet. 

Metal plates have now taken the 
place of the stones in lithographic 
printing. Various metals or combina- 
tions of metals are used for the plates, 
and photographic means are now fre- 
quently used in making the plates. 
This method is often used in printing 
the second and subsequent editions of 
books since it is cheaper to photo- 
graph the text of the first edition and 
make lithograph plates than to reset 
the whole text in type and print by 
letterpress. 

Copper plates with a thin layer of 
nickel deposited on them by electro- 
plating are typical of the modern sys- 
tem of lithographic printing. The 
greasy lithographic ink is readily 
attracted to any exposed copper while 
the application of moisture keeps the 
nickel parts of the plate free of ink. 
Zinc plates with a grained or pitted 
surface to retain water have also been 
used. 

Almost all the printing by the litho- 
graphic process is now done using the 
offset technique. Ink is taken up from 
the printing cylinder by a rubber offset 
cylinder, and it is from this cylinder 
that the paper receives its ink impres- 
sion. The design on the printing 
cylinder has to be the correct way 
round, and not reversed. 

In making plates for lithographic 
printing, the plates have to be treated 
so that those parts of the plate which 
attract greasy ink are made to corres- 
pond with areas on the original which 
are coloured. There are various ways 
whereby the original is photographed 
and the copy transferred to the plate 
by etching with acid. 

Variation in tone can only be ob- 
tained by having different sizes of 
dots on the plate. Lithography is now 
much used for printing in full colours — 
the various colours are obtained by a 
combination of dots of the three 
primary pigments — blue, red and 
yellow. 


The BAROGRAPH 


BEFORE forecasting weather, the 

meteorologist needs to know, 
amongst other things, the atmospheric 
pressure at any given time. This is 
usually measured with an accurate 
mercury barometer. It is also essential 
for him to know the rate of change of 
pressure, as well as the actual change 
of pressure since the last reading was 
taken on the mercury barometer. The 
barograph is an instrument which re- 
cords atmospheric pressure contin- 
uously, and traces the record on a 
graph. It is not as accurate as the 
mercury barometer, but it is clearly 
visible from the trace how quickly the 
pressure is changing. 

Atmospheric pressure changes are 
measured by an aneroid barometer in 
the barograph. The barometer is 
almost like a concertina of circular 
metal boxes joined to one another. 
Most of the air is removed from the 
concertina so there is a tendency for it 
to collapse. The air pressure outside is 
much larger than the pressure inside. 
The collapse is prevented by the 
resilience of the metal. The amount 
the concertina collapses varies with 
the atmospheric pressure. 

The lower end of the concertina is 


fixed to the base of the barograph, so 
the upper end moves up and down as 
the pressure decreases and increases. 
The amount of movement is very 
small, and is magnified by a system of 
levers connecting the aneroid baro- 
meter to the recording pen. The pen 
can move only up and down, but the 
graph paper on which it draws the 


High atmospheric pressure. The concertina 
of evacuated capsules is pushed inwards. 
The pen rises. 


HIGH 
ATMOSPHERI 
PRESSURE 


trace is wrapped round a revolving 
drum. This is turned by a clock 
mechanism inside, so that it revolves 
completely either once a day or once a 
week. 

The lever system is designed so that 
when the pressure is high, and pushes 
the concertina down, the pen moves 
up to record the high pressure. When 
the pressure is low, the concertina 
expands slightly, and pushes the pen 
down. 


Low atmospheric pressure. The concertina 


can relax and expand a little. The pen falls. 


LOWER 
ATMOSPHERIC 
PRESSURE 
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TECHNOLOGY 


TRAFFIC 
Lk LIGHTS 


OUGHLY eighty feet away from a busy junction with 
traffic light control, a set of rubber treads is inserted 

in the road. Eighty feet is about the safe stopping distance 
for cars approaching the junction at twenty-five miles per 
hour. The treads cover the detectors operating the traffic 
lights. Cars approaching the junction cannot avoid going 
over the treads. As they do so, air in two ducts underneath 
is compressed. The ducts are parallel to each other, and the 
car compresses them in rapid succession. Air inside the 
ducts pushes against a sensitive diaphragm. When both 
ducts are compressed, the diaphragm moves an electrical 
contact to complete a circuit. A pulse of electricity is sent 


CONTROLLER 


COBALT 

STRIP 

WHICH 
WATER INDICATES 
ABSORBER EXCESSIVE 

TO DRY AIR MOISTURE 

BY CHANGING 
COLOUR 


fi 


The expansion chamber is a reservow of air. It 
smoothes the pressure changes on one side of the 


diaphragm. 


DAD. SURFACE 


own to the electronic circuits controlling all the traffic 
ights at the junction. 

The detector has registered the arrival of a car’ at the 
junction, and now the controlling mechanism ‘knows’ that 
P: “the car is there. It is also receiving pulses of electricity from 
gins all\the other sets of rubber treads around the junction. 
_ The controller regulates the lights to allow traffic to flow as 
smoothly as possible, making the best use of the crossing 


The capsule which 
houses the diaphragm 
and the electrical con- CONTACTS 


tacts. DIAPHRAGM 
TO EXPANSION 
CHAMBER 


WIRES LEADING TO 


CONTROLLER = SPRING 


SMALL HOLE 
TO EQUALIZE 
PRESSURES 


FROM DETECTOR 
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This series of illustrations shows the working of the lights system 
for a simple cross-roads. Traffic on one road has the right of way. 
ontacts An unbroken stream of traffic sends electrical pulses down to the 
oT controller in quick succession. 


CAPACITOR . . 
» An impulse magnetizes the 


coil, attracts the armature, and 
closes the contacts. 


RESISTOR 
PULSE OF 
CURRENT 
A simple relay. Switching inside the controller is done by more 
complicated versions. A pulse of electricity arrives from the 
detector, magnetizes the coil, closes the contacts and sends the 
current impulse on to another circuit. 


If an unbroken stream of traffic has the right of way 
across the junction, a succession of pulses is sent to the 
controller, and the arrival of these pulses means that the 
lights do not change. They remain green. A car arriving on 
the other road is stopped by the red light. However, the 


arrival of this other car has also been registered = the Although a car has operated the detector on the other road, the lights 
controller. An electric pulse from the detector it crossed is qo not change immediately. The car must wait until there is a gap in 


stored in the controller. As soon as a gap ee in the the traffic. The succession of pulses is broken, and the lights 
traffic, there is a relatively long period of time between change. 


successive pulses from the traffic stream into the right of 
way, and the stored pulse from the stopped car comes into 
effect. An electromagnetic switch operates, and the lights 
are changed. 

When the road is very busy, there may be no breaks in 
the traffic which has the right of way across the junction. 
Although traffic on the other roads has registered its 
arrival, this usually has no effect on the lights until a gap 
occurs in the other traffic stream. However, most sets of 
lights can be adjusted so that they do not stay indefinitely 


ot ee 
*. * 


Should no gap occur within a predetermined waiting period, the 
controller automatically transfers the right of way to the other 


stream of traffic. 
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PARKE o 
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AIR ESCAPES 
RELEASING 
PRESSURE 


|, Each time a car passes over the rubber treads of the detector, a 
pulse of electricity flows to the controller at the junction. But if 
a car is parked on the treads, it does not affect the working of the 
detector. A stationary car does not send out a continuous pulse, 
for an escape hole in the air ducts underneath gradually releases 
the pressure of the air in the ducts. The diaphragm goes back, and 
the electrical contact is broken. The detector tread can never be 


GAS CONDUCTS - 
LIGHTS CHANGE PULSE OF 


ELECTRICITY 


GAS INSULATES — 
LIGHTS DO NOT CHANGE 


Before the neon gas in the tube can conduct electricity, the 
voltage difference across it must be high. But as soon as it 
sparks, the voltage drops. While traffic is crossing, the voltage 
gradually builds up. As it sparks, a pulse of electricity travels 
on to operate a switch and change the lights. 


without changing. Even though pulses continue to arrive 
from the traffic with the right of way, the lights automatic- 
ally switch over, after a fixed maximum period of time, in 
favour of the other stream. To switch over the lights, an 
electric pulse energizes an electromagnet (a solenoid) which 
pulls a soft-iron armature towards it. It also pulls on the 
teeth of a shaft, the camshaft, and makes it rotate round, 
bringing another set of electrical contacts into action. The 
movement of the camshaft follows a strict sequence, making 
the lights follow their strict sequence of changes from green 
to amber, red, red and amber and then to green again. 
These contacts lead to all the lights at the junction. Even 
at the simplest of road junctions, with just two roads inter- 
secting and four rubber-treaded detectors operating four 
sets of traffic lights, the camshaft has to have at least six 
positions and a total of twenty-two different sets of spring- 
contacts leading away from it. More complicated road 
junctions may need controllers with more complicated 
switching arrangements, and extra spring switches on the 
camshaft. Some are needed to switch on filtering arrow 
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completely flattened by one vehicle, so even though a car is parked 
ontop of it, it can be reoperated by other traffic passing alongside. 
2.To send a pulse down to the controller, the two air ducts must 
be compressed in the right order. If a car going in the opposite 
direction is driven over the treads, no pulse is sent to the detector, 
because the ducts are compressed in the wrong order. 

3 The detector must be sensitive to all kinds of traffic. 


lights, indicating that if the motorist wants to filter off to 
the side, instead of going across the junction, he can do so 
while the cross traffic remains halted. 

It may be impossible to deal with the traffic in only two 
streams when three roads intersect. Traffic from only one 
of the roads is allowed over the crossing at any one time and 
the other two streams must wait. This leads to longer 
delays, so it is avoided wherever possible. When the crossing 
is very wide an extra time may be needed when all the lights 
leading to the junction are switched to red. This allows all 
traffic to clear the junction, and it involves an extra set of 
contacts for the switching sequence. 

Pedestrians also may want to cross the road, so they have 
their own ‘detectors’ — a push-button attached to the post 
carrying the lights. Pushing this button also sends a pulse 
to the controller, operates a switch, and gives the pedestrian 
the go-ahead to cross when it is safe for him to do so. 

The traffic sequence can be changed during the day, and 
the maximum time allowed for each stream usually varies 
with the density of the traffic. There may be additional 
switching arrangements if the lights are near a fire station 
or ambulance depot. A switch inside the fire station can be 
operated to automatically allow  fire-engines and 
ambulances the right of way in an emergency. 


These diagrams show how the cam-shaft is turned. An electri- 
cal pulse around the solenoid pulls the armature, rotates the 
cam and pushes a set of contacts together. 
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PHYSICAL CHEMISTRY 


ig is sometimes more expensive to 
purify chemical substances than it 
is to prepare them. The high cost of 


purification is usually due to the con- 
taminants having similar physical 


In the preparati@p of acetaldehyde by the 
oxtdation of ethyl alcohol, the reactants 
need to be fairly pure, otherwise purification 
of the product is difficult. 


properties to those of the required sub- 
stance. For instance, the benzene 
obtained from coal tar is contaminated 
with thiophene. Fractional distillation 
will not separate these two liquids 
completely as their boiling points are 
too close (benzene 81° C.; thiophene 
84° C.). The last traces of thiophene 
have to be removed by treating the 
benzene with sulphuric acid. 

Substances which are expensive to 
purify are often marketed in several 
grades priced according to the pro- 
portion of contaminant remaining. 
When a sample is being analysed, any 
risk of introducing extra contamina- 
tion with the reagents is to be avoided 
at all costs. All the reagents used must 
be of the highest quality. For this 
reason the purest (and most expensive) 
grade of chemical substance has to be 
used and is often referred to as the 
analytical grade. 

There are, however, many occasions 
when less pure grades are quite accept- 
able. The presence of small quantities 


of impurities will not, generally, hinder 
the preparation of a new substance, 
since the product will itself have to be 
purified. One notable exception is in 
catalytic reactions. In many of these 
the activity of the catalyst is reduced 
considerably by certain contaminants. 
The catalyst is then said to be pozsoned. 
It is necessary, therefore, to take 
special care to purify the reagents used 
in catalytic reactions. 

__ Some reagents are used in quantity 
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for cleaning laboratory glassware and 
other apparatus. For instance concen- 
trated sulphuric acid and chromium 
trioxide form chromic acid which is 
used for removing persistent stains and 
grease from glassware. Organic liquids 
like alcohol and acetone are used for 
drying glassware (i.e. removing water 
as distinct from other liquids.) Other 
organic solvents are used for removing 
grease. In many instances the technical 
or commercial grades of these sub- 
stances are quite satisfactory for these 
purposes. If the analytical grade were 


Methylated spirit (t.e. ethyl alcohol to 
which methyl alcohol and pyridine have been 
added to render it undrinkable) is quite 
suitable as a fuel for this spirit burner. 


@ may be dried _by*Tinsing with 
methylated spirit. The presénee-of contami- 
nation in the alcohol 1s unimportant. 


used it would soon become contamin- 
ated with dirt from the apparatus 
being cleaned. 

Although the mineral acids (hydro- 
chloric, nitric and sulphuric) are used 
more often in comparatively dilute 
solution in water, they are normally 
supplied as concentrated acid contain- 
ing the minimum of water. It is more 
convenient to buy them in this form as 
they occupy less space in transit and 
store. 

When these acids are required for 
use they are diluted with water (or to 
be more precise, the concentrated acid 
is carefully added to the water). How- 
ever, this is not done in a haphazard 
way. Acids are usually diluted to pro- 
duce a solution of standard strength. In 
most laboratories the reagent bottles 
labelled ‘dilute nitric acid’ contain 2N 
solutions of nitric acid. (A normal (N) 
solution is a solution containing the 
gram equivalent weight of the substance 
dissolved in 1 litre of water—a 2N 
solution contains twice as much solute 
as this). Some of the other solutions 
which are regularly required for ana- 
lytical purposes (e.g. sodium hydrox- 
ide, ammonium carbonate, sodium 
carbonate) are also made up as 2N 
solutions. Not all the reagents are 
sufficiently soluble to make solutions of 
this strength, so they are prepared as 
0.2N solutions. 

0.1N solutions are found to be most 
satisfactory for volumetric analysis. In 
laboratories where this type of analysis 
is done frequently, a range of standard 
solutions are kept. The strengths of 
these solutions have to be known to a 
high degree of accuracy. Solutions of 
acid are obtained by diluting the con- 
centrated or bench (2N) strength and 
then finding the exact concentration 
by titration with an alkaline solution 
whose exact strength is already known. 
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BIOLOGY 


THE WOODPECKER 
FINCH USING A 

CACTUS SPINE TO 
EXTRACT 
INSECTS 


Darwin’s finches are a group of birds 
found in the uapenes Islands. They 


contributed largely to his theory. 
There are few other birds and the 
_ finches have evolved in several direc- 
_ tions, there now being seed-eaters, 
fruit-eaters, insect eaters, etc. The 
beaks vary accordingly. Several dis- 
tinct species and sub-species are recog- 
nised. General similarity of structure 
Suggests that they diverged fairly 
recently from a common ancestor. 


VEGETARIAN TREE FINCH 


T is widely accepted that living 
things evolve. Simple forms gradu- 
ally alter and give rise to more compli- 
cated forms. How does this come 
about? This question puzzled Charles 
Darwin, the great naturalist, for many 
years. He firmly believed in evolution 
but for a long time was unable to ex- 
plain it. After many years he produced 
his celebrated Theory of Natural Selec- 
tion — a theory based on the wonderful 
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How Evolution 


ways in which animals are adapted to 
their surroundings. 

Long before Darwin’s theory ap- 
peared, however, another theory of 
evolution was put forward. This was 
developed by Lamarck, a French 
scientist who lived from 1744 to 1829. 
According to his theory, if a man 
trained hard for athletics and built up 
powerful muscles, his sons would also 
have strong muscles. In other words, 
characters acquired during a lifetime could 
be inherited. It is certainly true that 
constant use of muscles strengthens 
them and that an unused muscle 
deteriorates but there is no evidence 
whatsoever that these features are in- 
herited. 

This theory gives no indication of 
how new structures arise. It implies 
that an animal develops a structure 
because it needs it. The classic example 
is that giraffes grew longer necks in 
order to reach the higher branches. 
This is, of course, quite wrong. Lam- 
arck’s ideas were later disproved by 
Weissman who showed that acquired 


characters cannot be inherited. The 
body cells are quite separate from the 
reproductive cells and only the latter 
pass on to the next generation. 
Darwin’s theory appeared in print 
in 1859 as the famous ‘Origin of 
Species’ although he had previously 
lectured on his findings and those of 
Wallace who arrived independently at 
a similar theory at about the same 
time. Darwin witnessed the ‘struggle 
for existence’ among animals. Most of 
them produce many offspring but only 
a few survive. The others succumb to 
predators and disease: in other words 
there is ‘survival of the fittest’. Darwin 
also noticed that individuals of a 
species all vary slightly. All human 
beings belong to the same species but 
almost every one can be distinguished 
by the shape of the ears and nose alone! 
Such variations make some animals 
more suited to their surroundings than 
others. Those best suited are more 
likely to survive and to reproduce and 
therefore the favourable variations 
will be passed on to the next genera- 


Works 


tion. In this way an animal species 
gradually changes and becomes ideally 
suited to its surroundings. The latter 
are always changing however and so 
natural selection works continuously 
to produce new forms and, eventually, 
new species. 

Although this theory of Darwin’s 
showed clearly how natural variation 
was the basis of evolutionary change, 
there was no explanation of how the 
variations occurred or how they were 
inherited. Later work on genetics, 
however, has shown how the natural 
variation can come about and also how 
sudden changes may lead to the ap- 
pearance of new characteristics. 


Genetics and Evolution 


Every cell in the body has a certain 
number of minute thread-like struc- 
tures called chromosomes. For each 
species there is a fixed number and 
special processes ensure that each new 
cell received its full complement. Each 
chromosome contains many genes. 
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These are very large molecules that 
control the features of the whole body. 
For instance there are genes that con- 
trol hair-colour, genes that control 
tooth form, and so on. Sometimes a 
single gene will be responsible for a 
feature, sometimes several genes acting 
together. 

During reproduction slightly dif- 
ferent combinations of genes are pro- 
duced. These give rise to the slight 


Darwin’s theory of Natural Selection 
can explain the evolution of the 
giraffe’s neck quite easily. The early 
gh competed with other animals 

or food. The giraffes with the longest 
necks were able to get better food and 
thus survived better and produced 
more off spring. These offspring too, 
had longer necks but, more important, 
they varied among themselves. Selec- 
tion again acted in favour of these with 
the longest necks. Over many genera- 
tions the average neck length increased 
until the present-day giraffes appeared. 


MELANIC PEPPERED MOTH 
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(continuous) variations among the off- 
spring. Sometimes, however, a gene 
changes radically — sometimes even a 
whole chromosome changes, breaks, or 
disappears. Such sudden changes are 
called mutation and they are responsible 
for the appearance of new character- 
istics (i.e. discontinuous variation). The 
vast majority of mutations are harmful 
—even lethal — because they interfere 
with the normal running of the body. 
Occasionally, however, a useful muta- 
tion occurs and is favoured by natural 
selection. It then becomes incor- 
porated in the normal pattern. 

The possibility of mutation was im- 
portant to the followers of Darwin. It 
provided the explanations that were 
lacking in the original theory i.e. the 
ways in which new structures could 
be produced for natural selection to 
act on. Natural selection now provides 
the complete answer to the question of 
how evolution has proceeded. 
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ELECTRONICS 


The ELEGTRONIG 


GLOCK 


E trouble with most clocks and watches is that they 
aa winding up regularly. In winding, the main- 
spring of the clock is given a ‘locked-up’ form of energy, 
potential energy, which is gradually released to compensate 
for the energy used up as the pendulum or balance wheel 
oscillates to and fro. The clock is made so that hardly any 
energy is lost through friction, but even this slight loss needs 
making up regularly. 

In self-winding watches, the natural movement of the 
wearer’s wrist is transformed into a kind of potential 
energy, and used to keep the movement going. Another 
source of energy for a clock is a battery and in most battery- 
powered clocks a dry cell is automatically connected up 
every few minutes to wind the main-spring. 

Yet another way of using a battery is in a transistorized 
clock, where the battery supplies regular pulses of electrical 
energy to power an electrical motor. The transistor acts as 
a kind ofswitch, turning the current on and off. The moving 
part of the motor, the rotor, is a part of the balance wheel. 
Instead of rotating round and round, as in an ordinary 
motor, the rotor rotates half-way round and back again, 
completing exactly two round and — movements each 
second. 


Like all electric motors, the important parts are magnets, 
or electromagnets. Electromagnets are coils of wire which 
behave like magnets only when a current passes through 
them. Two like magnetic poles repel each other and two 
unlike poles attract each other. It is possible to use these 
attractive and repulsive forces to move the rotor. 

Starting the motor may be a more complicated process, 
but once it is moving to and fro, the motor movement 
follows a regular cycle. Current is supplied from a small 
battery. A pulse of current from the battery reaches the 
rotor coil, which at this precise moment is swinging between 
the pole pieces of a permanent magnet. The rotor coil then 
behaves like a magnet, is repelled by the pole of the per- 
manent magnet, and is pushed along in the same direction 
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THREE HAIRSPRINGS 


ROTATING 
COIL OF WIRE, 
OR ROTOR 


An exploded view 
of the electronic 
motor. 


TRANSISTOR 
WHICH SWITCHES 
CURRENT ON 


AND OFF CAPACITOR 


1-5 V BATTERY 


TRANSISTOR 


THREE 
HAIRSPRINGS 


CAPACITOR 


8 HAVE 
LIKE A ‘GHOST’ 
MAGNET 


At the start of a cycle, cur- 
rent flows through the 
driving coil, and it is repel- 
led by the magnet. 


it was taking before. The current pulse goes on through a 

transistor, and finishes its path at the other battery 
terminal. 

Another coil of wire is wound alongside the driving coil of 

the rotor. As this coil swings through the magnetic field of 

Resc the permanent magnet, an electric current is generated in 

Nos it. Electric currents are always generated when a coil 

moves in a magnetic field. The generated current is con- 

nected to the base of the transistor. It can either stop or free 


e ‘holes’ in the base, and control the current driving the 
motor (which must pass through the base on its path from 
the emitter to the collector of the transistor). 

While the driving current is flowing through the 
transistor, the generated current flows in the right direction 
to free the ‘holes’. But as the coil swings away from the 
influence of the permanent magnet, the generated current 
stops. The ‘holes’ in the transistor are stopped and the 
driving current dies away. The coils stop too, and the 
springiness of the springs supporting them pulls the two 
gils of the rotor back through the magnetic field again. 

As 86en as they move, current is generated in the coils, 
but this tithe it is going in the wrong direction into the base 

42 of the transistor. No driving current can flow through, 
because ple ‘holes’ are stopped up. 

Springs stop\the coils and pull them back through the 
magnetic field. The cycle is complete. Only during this half 
GEARS WHICH / Sy of it is the generated current going in the right direction 


INTERMESH ; , ‘ pare ee 
(SEE INSET) , amsistor base to ‘trigger off the driving 


WHEELS WHICH MOVE 
WHEN CLOCK HANDS 
ARE HAND-SET 


fional clocks, the period (i.e. the length of 
cgmplete swing) is adjusted by altering the 
alange of springiness of the hair springs. 

ecial kind of lever links the oscillating round and 
gent of the coils to various toothed and worm 


The round and back moveghent of the motor 
is changed into a roundfand round move- 
ment to turn the varioug gears. The gears 
finally turn the hands offithe clock. 


2 NO CURRENT FLOWS 
FROM BATTERY 

SO THE COIL DOES 

NOT BEHAVE LIKE 

A MAGNET 


STILL NO CURRENT 
FROM THE BATTERY 


MEANWHILE 


CAPACITOR 
STORES C=> 
HOLES’ IN BASE CHARGE THE HAIR 


‘HOLES’ ARE 


BLOCKED 
SPRINGS HAVE COMPLETELY 


PULLED THE 
COIL BACK 


ARE BLOCKED 


HAIRSPRINGS 
STOP THE 


GENERATING 
COIL 


As it moves away, no cur- 
rent is generated in the red 
coil. The transistor is 
blocked up and the current 
stops. 


The generated currents 
flow in the wrong direction 
in the other part of the 
cycle, and the ‘holes’ are 
still blocked. 
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APPLIED SCIENCE 


COMPOST from 
TOWN REFUSE 


PRESENT -day civilization is tending 

to concentrate people more and 
more into towns. Pre-packaging of 
food is on the increase and results in 
large accumulations of wrapping 
material in refuse. These two factors 
are posing difficult problems for the 
cleansing departments of many towns. 
It has been estimated that about a ton 
of domestic refuse — ashes, paper, 
vegetable scraps, tins, etc. - accumu- 
lates daily from every thousand in- 
habitants. In the interests of public 
health, this refuse must be adequately 
disposed of. 

Two main methods are in use at 
present: burning and tipping. The 
former is certainly hygienic but the 
cost of the equipment for incinerating 
say sixty thousand tons of rubbish 
daily is very high. There is also the 
problem of smoke — one that will grow 
as the ‘clean air’ laws spread. Even 
more important is the problem of the 
residue, for the ashes still have to be 
disposed of. Burning is not, therefore, a 
satisfactory method of refuse disposal. 

Tipping is much cheaper as very 
little equipment is needed, but tHe 


REFUSE IN 


basic requirement is space and this is 
becoming scarce. Rubbish tips are, to 
say the least, unattractive and, if not 
properly covered, quickly become 
breeding grounds for flies, rats and 
other pests. Controlled tipping has 
played a part in reclaiming waste land 
for use, but sooner or later the tipping 
grounds will be filled and alternative 
methods will have to be found. 
Among primitive societies the waste 
products of Man’s habitations have 
always been returned directly to the 
soil so that the maintenance of organic 
matter has been no problem. The wise 
gardener today returns all he can (tea- 
leaves, grass cuttings, etc.) to the soil 
by way of the compost heap. The con- 
tinual removal of crops from the land 
without replacing organic matter will 
soon destroy the soil structure. We 
cannot, of course, return household 
waste directly to the land in large 
quantities. Even if it were hygienically 
acceptable, the cost of transport would 
be prohibitive. In recent years, how- 
ever, enterprising local authorities 
have shown how domestic refuse can 
be turned into a useful material and 


Fermascreen units in operation. 


DRUM 
REVOLVES 


disposed of efficiently, and with profit. 
It is composted, i.e. subjected to bacterial 
action that breaks it down into harm- 
less compounds that find a ready sale 
as manure. Thus the problems of 
waste disposal and soil fertility are 
solved together. 

Sewage sludge is another problem 
for some authorities. After treatment 
in the sewage works it is a harmless 
material, but disposal of large quanti- 
ties is a problem. It is often sprayed on 
farm land with good results but liquid 
sludge is not easily handled. Sludge 
may be dried prior to use but the space 
and time required for drying is large 
and the most promising solution is to 
compost it with refuse. If used at about 
70°% moisture content it can be piped 
to the composting plant and used 
instead of water. Sludge improves the 
compost but is in no way essential to 
the process. 

The Biological Aspect of 
Composting 

The underlying principle of com- 
posting is the breakdown of the 
material by micro-organisms in the 
presence of air. This principle applies 
to both the gardener’s compost heap 
and the municipal process. In the 
absence of air (e.g. if the material is 
waterlogged or densely compacted) 
other (anaerobic) micro-organisms 
multiply and the material becomes 
foul-smelling and a breeding ground 
for flies. When composting is carried 
out correctly, however, no such prob- 
lems arise. The aerobic (i.e. air-requir- 
ing) bacteria and fungi are normally 
present in rubbish and do not have to 
be added. With adequate air and 
moisture they increase rapidly and not 
only break down the waste but also kill 
undesirable germs, parasites and weed 
seeds. They do this partly by means of 
the antibiotic nature of the fungi and 
partly by the heat generated by what 
are known as thermophilic (heat-loving) 
bacteria. Temperatures of about 70°C. 


AIR ALLOWED 
IN 


The Thompson Fermascreen is one of a 
number of composting units available. 
It consists of a hexagonal rotating drum 
(see lower picture) with three solid and 
three perforated sides. Refuse (sorted 
or unsorted, crushed or not) is added 
through the main door together with 
water or sewage sludge. After a period 
of rotation the perforations are opened 
and the air enters speeding up bacterial 
action. Brief periods of rotation occur 
at intervals for about four days. After 
this, the fermentation is complete and 
the compost is discharged by rotation 
with the perforations open. Tins and 
bottles etc. (if any) are discharged later 
for tipping. Nothing need be touched 
by hand. 


are reached in a good compost and no 
pathogen known can survive this. 
Sludge is always of the same ap- 
proximate composition but refuse 
varies a good deal, especially from 
winter to summer. In winter there is a 
high proportion of ash but summer 
refuse has much more organic matter 
—vegetable waste, etc. Luckily, the 
process can go on within a wide range 
of composition. It is most efficient how- 
ever when the carbon/nitrogen ratio 
is about 30:1. When the ratio is 
higher (e.g. if paper is predominant) 
the process is slower because the 
nitrogen is quickly used up. Addition 
of extra nitrogen compounds is of 
some value. The finished compost 
should have a C/N ratio of about 20:1. 
Composting in the garden is a slow 
business because of the bulky nature of 
many of the articles and because of low 
surrounding temperatures. The lack 
ofa good air supply is also a hindrance. 
In municipal composting plants these 
disadvantages are overcome by break- 
ing up the material to start with and by 
continuous mixing. Air can be added 
at will and this considerably speeds up 
the process. What takes months in the 
garden takes only days in a modern 
The destruction of all harmful 
organisms during the process elimin- 


ates all risk to public health in the use 
of the compost even when sewage 
sludge is incorporated. 
Municipal Composting Processes 

Various processes have been de- 
veloped over the last few years in many 
parts of the world. All involve the use 
of large tanks for fermenting the 
material and are similar in the general 
processes involved. They differ, how- 
ever, in the amount of sorting em- 
ployed and in the time at which sorting 
is carried out. 

Tins and other metals are obviously 
of no use in the compost and they are 
removed by magnetic and high-fre- 


a usable compost is obtained at the 
base of the tower in about twenty-four 
hours! In the final stage some drying 
occurs and the compost obtained is 
quite friable and clean. 

Where sorting is carried out, it may 
be done before any composting takes 
place or after a preliminary treatment. 
The latter is certainly a cleaner 
method, as the breaking down process 
has already removed much of the foul 
refuse. The possibility of glass splinters’ 
being added to the land in compost 
often causes alarm but this is un- 
founded. When suitable separation or 


NEW METHOD 


As well as producing valuable material, composting plant is far more hygienic and pleasant 


than outdated tipping and combustion. 


quency sound detectors. The latter 
work by stopping or reversing a con- 
veyor belt so that the metal can be re- 
moved. Glass, paper and rags may also 
be salvaged with advantage. Stones, 
cinders, etc. are of no value and are 
either picked out and dumped or are 
crushed in hammer and shredding 
mills. In some systems, only metals are 
removed — the rest of the material, 
including glass, is shredded and pul- 
verised and passed into the fermenta- 
tion chambers. Such a system is the 
SMG — Multibacto Process employed 
in Switzerland. The pulverised 
material is passed to the top of a 
tower together with sewage sludge and 
passes down through several floors 
being ‘stirred’ all the while. Air and 
moisture are supplied as required and 


grinding methods are used the only 
glass that gets through will be small, 
rounded pieces rather like sand grains. 

In composting then, one finds the 
ideal solution to several of the prob- 
lems posed by civilization. The refuse 
is converted into a useful manure for 
returning to the land. There has never 
been any shortage of demand for com- 
post which is sold at prices ranging up 
to £2 per ton. Most authorities sell by 
contract to a firm which then dis- 
tributes the compost. In this way the 
local authorities do not risk a pile up of 
compost. Properly made and matured 
compost has no smell and is not a 
health hazard. It is easily handled and 
packed and very easily applied to the 
land where its water-holding proper- 
ties help to maintain soil fertility. 


1435 


ORGANIC CHEM{aaster= 


} 


OXYGEN 
CYLINDER 


AL AREELL IIE LIE 


OPAPP bby) 


a 


F a substance burns with a smoky 
flame, it is organic. If it is organic, 

it always contains carbon and nearly 
always contains hydrogen. In what 
proportions? How many carbon and 
hydrogen atoms are there in each of its 
molecules? The atoms cannot be 
counted but the numbers per molecule 
can be deduced from the results of 
some specially designed experiments. 
This particular experiment was 
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thought up by the German chemist 
Liebig, the inventor of the Liebig 
condenser, in 1831 to find the per- 
centage of carbon and _ hydrogen 
present in an organic solid. 

He realised that when carbon com- 
pletely burns, in a plentiful supply of 
oxygen, it all turns into the gas, 
carbon dioxide. 

C+ 0; = een 

(12) (2 x 16) /12+ (2 x 16)\ 
In doing so every 12 grams of carbon 
present combine with 32 grams of oxy- 
gen to form 44 grams of carbon 
dioxide. Here, the element carbon was 
burning but the resulting weight of 
carbon dioxide would be exactly the 
same if the carbon were part of a com- 
pound, chemically combined with 
other elements. 

Liebig reasoned that by finding the 
weight of carbon dioxide coming off 
when a substance burned he could 
calculate the weight of carbon respon- 
sible for its formation. 

Hydrogen also burns. Whether on 
its own or combined with other ele- 
ments it burns to form water. 

A ty 2H,O 


(2x2) (2x 16) [(2 x 2)+(2 x 16)\ 


COPPER 
"OXIDE 


)MBUSTION ANALYSIS 


36 grams of steam are formed for every 
4 grams of hydrogen burned up. 
Again, from the quantity of steam it is 
easy to calculate the hydrogen content 
of the substance. 

Leibig weighed the starting material 
and found a way of collecting and 
weighing the water and carbon dioxide 
formed when the substance burned. 
Calculating the percentage of carbon 
and hydrogen was an easy step from 
there. 

In experiments prior to this, other 
elements will have been detected and 
their percentages by weight found. If 
these results plus the carbon and 
hydrogen percentage add up to 100 
the results are obviously correct. 
Should they add up to more than a 
hundred, some mistake must have 
been made. But it is not unusual for the 
results to add up to less than 100. This 
does not indicate a mistake, for there 
is no easy way of detecting and asses- 
sing the oxygen content of the sub- 
stance. The deficiency is the per- 
centage of oxygen in the compound. 

In a modern laboratory a cylinder 
of oxygen is used as the oxygen source 
and a specially designed electric fur- 
nace is used to heat the sample. The 
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carbon dioxide coming off the burning 
sample is absorbed when the gas 
bubbles through potassium hydroxide 
solution. Anhydrous calcium chloride 
absorbs the water vapour. 
Experiment 

It is no use using damp oxygen con- 
taminated with carbon dioxide be- 
cause these impurities register in the 
results. They are removed by con- 
necting the oxygen cylinder to a bottle 
of concentrated potassium hydroxide 
solution so that the gas can bubble 
through and have its carbon dioxide 
removed. Next in the line of equip- 
ment are two U-tubes containing 
pumice moistened with concentrated 
sulphuric acid. Concentrated sul- 
phuric acid absorbs the moisture from 
the gas passing through. If these tubes 
are connected in the wrong order, the 
drying effect of the sulphuric acid is 
ruined when the gas picks up more 
water from the potassium hydroxide 
solution. 

The end tube is connected to a wide 
hard glass tube passing through the 
electric furnace. Inside the combustion 
tube are copper spirals and gauze 
which have been oxidized. When the 
sample is heated, the carbon and 
hydrogen that has escaped oxidation 
by the oxygen gas can take its oxygen 
from this oxide. 

The tube emerging from the furnace 
is connected to another U-tube filled 
with pumice and concentrated sul- 
phuric acid to absorb the water vapour 
given off by the reaction. The vapour 
leaving the U-tube passes to a set of 


bulbs and is filled with concentratedg Vii 


potassium hydroxide solution to ab- 
sorb the carbon dioxide formed. 


FORMED 


BULBS OF 
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ABSORB CARBON 
DIOXIDE GIVEN 


Next to this is a guard tube of 
calcium chloride to absorb any water 
vapour that has been put into the gas 
stream when it bubbled through the 
bulbs of potassium hydroxide solution. 
At the exit from the apparatus will be 
another tube of calcium chloride. This 
prevents water vapour from the atmos- 
phere from coming into the apparatus 
and ruining the results of the experi- 
ment. 

The contents of the tube are 
thoroughly dried out by raising them 
to red heat and turning on the oxygen 
supply. A dry platinum boat is weighed 
and then weighed again after part 
filling with some of the dry sample to 
be analysed. The U-tube together with 
the guard tube is weighed and then the 
potash bulbs are also weighed. 

Some of the dry copper oxide gauze 
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is removed from the combustion tube 
so that the loaded boat can be poked 
along towards the front of the tube. 
The gauze is packed in again behind it. 

The oxygen supply is turned on and 
the furnace starts to heat the boat. It 
is arranged to heat it gently at first and 
then much more strongly. (Strong 
heating at first would crack the glass 
combustion tube). After the tube has 
been red hot for a considerable time 
the oxygen supply is turned off and the 
apparatus is allowed to cool down 
before reweighing the potash bulbs to 
find out how much carbon dioxide has 
been given off and the U-tube to dis- 
cover the quantity of water vapour 
absorbed. 

The percentages of carbon and 
hydrogen are then worked out from 
these results. 


Conclusions 


ms xX 4-842 gm of hydrogen have been 


36 


Therefore compound contains 
4 


er x 4-842 grams of hydrogen 


Percentage of hydrogen in compound is 
x 100 = 25-46% 


a x 5-775 grams of carbon have been 


used up. 
Therefore compound contains 


5 x 5-775 grams of carbon 


Percentage of carbon in compound is 
TTS x 100 = 74-54% 
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DYNAMICS 


RELATIVE VELOCITY 


WO trains are standing beside one 
another in a station and one 
starts to move. A passenger in one 
train thinks it is his train that is 
moving. Certainly he seems to be 
moving past the windows and doors of 
the carriages of the other train. Sud- 
denly he turns to look through the 
opposite window and, to his dis- 
appointment, he finds that his window 
is still opposite the door of the refresh- 
ment room on the station platform. 
His train is still standing in the station 
so it must have been the train standing 
at the next platform which has de- 
parted in the opposite direction. 
Many railway passengers must have 
experienced this rather strange sen- 


Swe 
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sation at one time or another. Al- 
though at first the passenger thinks his 
train is moving, he can only be really 
certain that one train is moving in 
relation to the other. But a porter 
standing on the platform knows which 


train is moving because he is stationary 


and can tell when other objects are 
moving. 

For velocity to have any meaning at 
all it must be measured in relation to 
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STRIKE MOVING 
TARGET 


[0 hit the moving ‘clay pigeon’ the gun has 
to be aimed at a point in front of it. This is 
another instance of relative velocities. 


some reference point. This reference 
may be stationary or may itself be 
moving. For instance, an express train 
appears to be moving much faster to 
someone standing beside the track 
than to a passenger in a slow moving 
train travelling in the same direction 
alongside the express. 

The stationary observer and the 
moving passenger get different results 
when they measure the velocity of the 
express train because of the difference 
in their own velocities. If no reference 
is mentioned, it is normal to assume 
that all velocities are measured with 
reference to the stationary ground. 
Velocities measured from a moving 
observation point are called relative 
velocities, but, to avoid confusion in 
problems concerning moving objects, 
the velocity of the observer or the 
position of the observation point 


When both trains are going in the same 
direction (North), the velocity of the express 
travelling at 60 m.p.h. relative to the slow 
train (35 m.p.h.) is 25 m.p.h. in a 
Northerly direction. However, if the slow 
train were going South, the relative velocity 


of the express is 95 m.p.h. 


should always be stated. 

Perhaps a stationary bystander sees 
an express train travelling North at a 
velocity of 60 m.p.h. and a slow train 
travelling alongside in the same direc- 
tion at 35 m.p.h. (These are the 
velocities of each train relative to the 
ground). But to someone in the slow 
train, the express appears to be moving 
North at only 25 m.p.h. The velocity 
of the express relative to the slow one is 
25 m.p.h. in a Northerly direction. 

The two trains are moving along 
parallel paths, and it is an easy matter 
to calculate the velocity of one relative 
to the other, provided their velocities 
relative to the ground are already 
known. For instance the velocity of 
the express train relative to the slow 
train was found by subtracting their 
respective velocities (60 — 35 = 25 
m.p.h.). The velocity of the slow train 
relative to the express is 35 — 60=—25 


m.p.h. The minus sign here indicates 
that to someone in the express the slow 
train appears to be going backwards. 
It has a relative velocity of 25 m.p.h. in 
a Southerly direction. 

If instead, the two trains were 
moving in opposite directions (the 
slow train going South and the express, 
North) the velocity of one relative to 
the other is found by adding together 
the speeds of each relative to the 
ground. (This is the same as subtract- 
ing their velocities, because they are 
heading in different directions. The 
velocity of one will be negative and 
subtracting a negative number is the 
same as adding a positive number). 

To someone on the slow train head- 
ing South, the express seems to be 
rushing Northwards, at 95 m.p.h. 
(60 + 35). The passengers in the ex- 
press think the same thing about the 
slow train, only to them it appears to 
be speeding Southwards. 

These trains have been running on 
parallel tracks and the relative velocity 
problems concerning them are quite 
simple. But a ship has no such lines to 
guide its path and can be steered in any 
direction. Consequently, the problems 
connected with the relative velocities 
of ships are more complicated. 

If the ship is moving forward at 15 
knots (a knot is a speed of one nautical 
mile per hour), and a passenger is 
sitting in a deck chair (i.e. he is 
stationary relative to the ship) he, too, 
will be moving forward at 15 knots 
relative to an observer on a nearby 
jetty. (It is assumed that the effects of 
winds and currents may be neglected). 

If the man now gets up and walks 
forward with a velocity of 3 knots, the 
observer sees him moving at 18 knots 
—the passenger’s velocity relative to 
the ship (3 knots) plus the ship’s 
velocity relative to the observer (15 
knots). But if, instead, the passenger 
walked across from the port (left) side 
to the starboard (right) side of the deck 


at 3 knots, the observer on the jetty 
would see him taking a diagonal path. 
While the passenger on the deck was 
crossing the deck at 3 knots relative to 
the ship, the ship was carrying him 
forward at 15 knots relative to the 
observer on the jetty. 

The actual velocity of the passenger 


have been, had he not walked across 
the deck (i.e. had remained in one 
place on the deck). From the end of 
this line another line is drawn at right- 
angles to represent in size and direc- 
tion the velocity of the man. This 
second line is only 3 units long to 
represent the passenger’s velocity of 3 
knots relative to the ship. The triangle 
is then completed by drawing in the 
third side. This line represents in size 
and direction the velocity of the pas- 
senger relative to the observer on the 
jetty. The size of the velocity can be 
found by measuring the length of the 
line. 

Cross winds and currents can send a 


While the passenger remains seated his velocity is the same as the ship’s (15 knots), but 
when he moves forward his velocity relative to the jetty is greater (18 knots). If he walks 
across the deck, he follows a diagonal path as viewed from the jetty. His velocity relative 
to the jetty can be found from the ‘triangle of velocities’. 


relative to the observer on the jetty 
may be found by drawing a triangle of 
velocities. One side of the triangle is 
drawn to represent in size and direc- 
tion the velocity of the ship relative to 
the jetty — the line is drawn 15 units 
long to represent the speed of 15 knots. 
This shows where the passenger would 
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ship miles off course if no allowance is 
made for them. However, by similar 
reasoning to the above the effects of 
wind or current on the course of a ship 
can be found and in setting course 
allowance is made for them. If this is 
done correctly the ship should arrive 
safely in port. 
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PALAEONTOLOGY 


Brachiopods and Graptolites 


BRACHIOPODS (the lamp-shells) 
are all sea-dwelling animals. rik, 
molluscan shell-fish, their soft parts 
are protected by a hard shell made up 
of two valves. But whereas the valves 
of molluscs are situated about the 
sides of the animal, in brachiopods 
they cover the top (dorsal) and bottom 
(ventral) surfaces. The ventral valve is 
normally the larger of the two. 

At the rear end of the animal both 
valves taper to a beak or umbo. In one 
group, the valves are calcareous and 
hinged along the umbo by teeth. The 
remainder have horny shells joined by 
muscles alone. Brachiopods _ live 
attached to the sea-floor by a stalk or 
pedicle. In the hinged group, the stalk 
cannot pass between the tightly fitting 
valves and instead leaves through an 
opening in the umbo of the ventral 
valve. 

The name Brachiopod, is derived 
from the two arms or brachia found on 
either side of the mouth. The arms 
extend into the surrounding seas and 
waft water with small plants into the 
shell. They also provide a large surface 
area for absorbing oxygen. On 
numerous occasions paired calcareous 
structures, sometimes spiral-shaped, 
have evolved to support the arms. The 
histories of these developments are well 
known from study of fossil forms. 
Brachiopods have lived from earliest 
Cambrian times. They make up nearly 
half of the pre-Permian fossil species. 


Lingula—a_ surviving brachiopod from 
Ordovician times. It has always been a 
specialized mud-dweller. 
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From then on they have declined. Five 
thousand fossil species are known; 
today there are a mere 150 living 
forms. However, study of these few 
surviving animals — their environ- 
ments and modes of life — has proved 
valuable in attempting to reconstruct 
the conditions of the past. 


<> 


BRACHIOPOD MOLLUSC 


Brachiopods have equilateral shells. A 
line through the centre divides each valve 
into two equal halves (left). This character 
easily distinguishes them from the shells of 
mollucan bivalves (right). 


Most hinged brachiopods live upside-down, 
attached to the sea-floor by a stalk. The 
stalk leaves through an opening in the umbo 
of the ventral valve. 


Graptolites 


Graptolites are known only from 
fossilized remains. Thus the structure 
of their soft parts and their life 
histories will always remain uncertain. 
Most of the fossils are mere impressions 
on shale surfaces; but fortunately a few 
complete skeletons have been found 
preserved in limestones and _ silica 
nodules. 

Graptolites were colonial animals; 
numerous individuals lived in cup- 
like structures (thecae) attached to a 
common thread (stipe). The skeleton 
itself was made up of two layers of 


chitin. In the earliest graptolites — the 
Dendroids — there were two different 
types of cup and a thin chitinous 
thread called the stolon ran throughout 
the colony. The stolon was possibly a 
similar structure to a noto-cord which 
would relate the graptolites to the 
chordate animals — a group which in- 
cludes Man. Their colonies were at 
first large, and branched extensively 
but later they tended to become 
simpler. 

The other important group, the 
Graptoloids, were without chitinous 
stolons but are thought to have evolved 
from Dendroid forms. Further, only 
one type of cup was present, though 
the shape of this varied enormously 
within the group. Branching was not so 
extensive as in the Dendroids; many 
forms in fact did not branch at all. 

The graptolites made very rapid 
changes in shape and form as they 
evolved and are subsequently good 
fossils for dating the rocks. For in- 
stance, sediments formed at one point 
in time will contain a type of graptolite 
distinct from those found in sediments 
deposited shortly afterwards. More- 
over most graptolites drifted in open 
waters. Thus their remains are scat- 
tered over a wide area and enable one 
outcrop of rock to be directly related 
in age to another, hundreds of miles 
away. Unfortunately for the fossil 
record the race became extinct to- 
wards the end of the Silurian period. 


Left. Dictyonema, a dendroid graptolite. 
The colony is made up of radiating branches 
joined by small bars. This was a floating 
form but some had roots at their tapered end 
for attachment. Right. A close up of a 
graptoloid, showing the thecae. 


FAMOUS SCIENTISTS 


John Logie BAIRD 


OHN LOGIE BAIRD was the man 
who changed television from 
being a vague dream into a definite 
reality. He was not its inventor. The 
idea had been in existence long before. 
The possibility was first realized 
after the photoelectric effect had been 
discovered in 1839 when it was noticed 
that the electrical resistance of selen- 
ium, a chemical relative of sulphur, 
changed when the intensity of the light 
falling on it altered. Light fluctuations 
could be turned into electrical fluctua- 
tions and vice versa. Perhaps some- 
thing of this nature was the key to 
the transmission of pictures. Several 
would-be inventors made and designed 
pieces of apparatus, but Baird’s was 
the first one to actually work, and it 
was largely his enthusiasm that rock- 
eted a television broadcasting system 
into being. 

Baird was a Scotsman, born in 1888. 
He was never very strong and for most 
of his life suffered from ill health. He 
first became interested in the problem 
of television while studying electrical 
engineering at Glasgow University. 
Soon after getting a degree he gave up 
engineering to start out on a com- 
mercial career in London. This was 
going very well, but unfortunately he 
was forced to stop because his health 
broke down. So Baird, aged 34, went 
down to Hastings in search of peace 
and quiet, hoping the freedom from 
strain would bring his health back. 


He quickly became bored with 
having nothing to do, so once more 
started to design and make a machine 
for transmitting and receiving moving 
pictures. Success came three years 
later with apparatus made from old 
biscuit tins, a hat box, darning needles, 
bicycle lamp lenses, and worn out 
electric motors. It may have been con- 
structed out of bits of old junk, but it 
certainly worked. 

Baird by this time was penniless 
after the long period of not earning and 
was delighted to be paid £25 a week 
for three weeks for demonstrating his 
television in a big London store. The 
image received was only 14” « 2” and 
was very flickery, but nevertheless it 
was possible to recognize the faces 
being televised. Because of this pub- 
licity he was able to raise a little money 
to finance more research. 

In 1927, he sent pictures from Lon- 
don to Glasgow via telephone wires. In 
the following year, without using 
wires, he sent images from London to 
New York. Scenes were televised in 
the dark using infra-red rays. Baird 
also invented a device for storing 
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images on wax, made a simple colour 
television and experimented with 
stereoscopic television. 

The Baird Television Company 
broadcast the first regular television 
service and in 1930 the Baird Tele- 
visor was the first receiver on sale to the 
general public. 

Yet for all his undoubted genius 
none of Baird’s inventions is in use 
today. His ideas quickly became old- 
fashioned and better ones took their 
place. His scanning system was really 
his downfall. He insisted on using a 
mechanical system of scanning the 
scene. By mounting a series of lenses, 
radiating slits and spiral slits in spin- 
ning discs, he produced the effect of an 
eye flashing across a page, first taking 
in one point and then rapidly moving 
on to the next. His rivals preferred an 
electronic scanner. Both systems were 
given a period of trial by the British 
Broadcasting Corporation but the 
mechanical system was finally rejected 
because it gave more flickery pictures. 


John Logie Baird died in 1946. 


Scanning device of the ori- 
ginal Baird television ap- 
paratus. The slits and holes 
in the rotating discs give 
the effect of an eye quickly 
flashing down strips of the 
scene. As each part comes 
into view the variations in 
light intensity are conver- 
ted to electrical variations 
by the photo-electric cell. 


ne | 
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ASTRONOMY 


JUPITE 


"THE four inner planets of the Solar 
System — Mercury, Venus, Earth 
and Mars, were all formed in a similar 
fashion. They have dense, rocky, 
mainly solid cores surrounded by as 
much atmosphere as the planet has 
managed to keep. 
Outside the inner planets is a belt of 
smaller lumps of rocky matter, the 
asteroids, and beyond the asteroids lie 


an 1 way falling what ie 
ments are present on Jupiter is to 
examine the light reflected by its sur- 
face. This light comes in the first place 
from the Sun. Most of it is reflected by 
the atmos esas but certain colours, or 
wavelengths may be absorbed by atoms 


and molecules in the atmosphere. 
Theae wavelengths will therefore be — 
ight refl 
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the huge major planets. Their struc- 
ture is believed to be very different 
from the structure of the inner planets. 
Some astronomers believe that they 
have no rocky core at all. They are 
intensely cold, and the only solid parts 
of the planet may be frozen ammonia 
and methane, and hydrogen com- 
pressed under such immense gravi- 
tational forces that it is almost like a 
solid metal. 

Jupiter is by far the largest planet 
of the Solar System. Its diameter is 
86,800 miles — over 10 times the 
Earth’s diameter, and its mass is 24+ 
times greater than the masses of all the 
rest of the planets put together. 

Mainly because of its huge size, 
Jupiter is one of the most conspicuous 
objects in the sky. It is so bright that 
early astronomers thought it must be 
hot, like the Sun and the stars, produc- 
ing its own light. Since then it has been 
found that Jupiter is a cold planet. The 
bright light coming from Jupiter is 
sunlight, reflected by its surface. 

The outermost layers of the atmos- 


The colours of Jupiter are probably caused 
by dissolved metals, absorbing light. Re- 
cently the North and South tropical belts 
appear to have merged together. 


phere of Jupiter consist of hydrogen 
with some methane and ammonia. 
Floating in it are clouds of crystallized 
ammonia at a temperature of about 
—150°C. It is the clouds of ammonia 
which reflect light and are seen. They 
hide the rest of the planet, so what lies 
underneath is still a matter of specula- 
tion. One theory suggests that a layer 
of ice 16,000 miles thick covers a small 
solid centre. According to another 
theory, there is no division between 
atmosphere and core. The hydrogen 
becomes denser and denser nearer the 
centre, compressed by the gravi- 


tational forces of attraction. 

Only the atmosphere of Jupiter can 
be seen. Nevertheless, it has several 
interesting features. On the disc, run- 
ning parallel to the Equator, are dark 


Parts of the surface spin round more 
quickly than others. This indicates that 
the visible surface cannot be solid. 


and light belts, greenish and brown in 
colour. The different colours are 
believed to be caused by metals such as 
sodium and calcium, dissolved in the 
liquid ammonia. The belts are currents 
in the atmosphere, started by the 
planet’s rotation. 

Jupiter rotates very quickly indeed, 
in less than 10 hours. The rotation 
causes surface details to move rapidly 


The apparent size of the red spot changes. 
It 1s thought to be a solid island of helium, 
floating at different levels in the atmosphere. 


across the visible disc, and the period 
of rotation is measured by observing 
how quickly they move. The most con- 
spicuous detail is the ‘great red spot’. 
At one time it was 25,000 miles long 
and 8,000 miles across, but its size 
varies. The latitude of the spot varies 
up and down by 2 or 3 degrees, and its 
longitude also varies to and _ fro. 
Because the spot does not rotate with 
the planet it is safe to assume that it is 
not fixed to whatever surface there is. 
It is believed to be a solid mass of 
helium (containing metals that give it 
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its reddish colour) floating in clouds of 
condensed gases. The spot does not 
always float at the same level in the 
atmosphere. When it is drawn towards 
the rest of the planet, the edges of it are 
obscured by ammonia clouds, and this 
explains why the size of the red spot 
varies. 

Various other spots in the belts are 
visible. By timing their movement, it is 
found that the belts do not rotate with 


exactly the same period. A ‘day’ at 
Jupiter’s equator is shorter than a ‘day’ 
at Jupiter’s poles. The equatorial ‘day’ 
lasts for g hours 50 minutes, while a 
‘day’ near the poles lasts g hours 55 
minutes. This all proves that the visible 
part of Jupiter is fluid. As a result of 
the quick rotation, the atmosphere 
bulges at the Equator. The planet 
appears noticeably flattened at the 
poles. 


Two theories about the centre of Jupiter. 
Left: with a rocky core and Right: with no 
definite core. 


Radio waves from Jupiter may be caused by 
the varying speeds of rotation of the planet. 
These lead to valuable magnetic fields, and 
radio-wave emission. Alternatively they 
may be solar waves, distorted and reflected 
by Jupiter. 


Radio waves from Jupiter 


Jupiter sends out powerful radio 
waves at a frequency of around 22 
million cycles per second. This is 
slightly lower than the frequency of 
radio waves carrying television trans- 
missions, which start at about 45 
million cycles per second. Many other 
objects in the sky are continuously 
emitting radio waves of about this 
frequency, but Jupiter can be dis- 
tinguished by its very distinctive signal. 
When its radio waves are amplified by 
a radio receiver and turned into an 
audible sound, the noise is not unlike 
the sea surging to and fro on the shore. 
It comes in an irregular series of bursts, 

No one knows for sure the source of 
these mysterious radio emissions. They 
are evidence in favour of a liquid core 
within the planet. Currents of charged 
particles flowing inside set up powerful 
magnetic fields (the Earth’s magnetism 
may be caused by similar currents in 
the Earth’s core). The magnetic fields 
vary because of the complicated nature 
of Jupiter’s rotation — each belt rotates 
at a different speed. Radio waves are 
always emitted. when magnetic fields 
are varying. There are many other 
theories to explain the radio waves, but 
not enough observational facts to 
prove any of them conclusively. 
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INDUSTRIAL CHEMISTRY 


"THE year 1934 saw a major break- 
through in chemical research, 
and heralded the revolution in the 
textile and allied industries that is still 
going on today. In that year a team of 
American chemists led by Dr. Wallace 
Carothers made the first samples of the 
synthetic fibre now known as nylon. 
There was a marked difference be- 
tween this new synthetic fibre and the 
artificial silk (rayon) which had first 
been made some forty years before. 
For many years it had been known 
that natural fibres (wool, silk, cotton 
and flax) were made up of molecules 
of great size and complexity i.e. macro- 
molecules. In the manufacture of rayon, 
the complex molecules from cellulose 
(cotton waste or wood pulp) are re- 
arranged to yield long fibres — here 


the chemist has imitated the reaction 
which cellulose undergoes in the silk 
worm. In contrast, the long chain 
molecules of nylon are built up by 
chemical means from comparatively 
small molecules. Nylon is truly a man- 
made fibre. 

The nylon molecule is itself enor- 
mous and the sequence of chemical re- 
actions involved in making it may be 
difficult to follow. However, the two 
alternative starting materials are quite 
simple compounds. Either benzene or 
phenol can be used in making the 
intermediates — adipic acid and hexa- 
methylene diamine — which react to- 
gether to form nylon. 

As there are two slightly different 
routes leading to the production of 
adipic acid from benzene and from 


mm, first stage in making nylon 
yarn — filaments emerge from 
the melt spinning unit. 


MAKING 
NYLON POLYMER 


Both benzene and phenol are un- 
saturated ring compounds and the first 
stage in the synthesis of nylon is to — 
saturate whichever of these compounds 

is being used as the raw material. This 

is —- by ag eerie 
pound mixed wi rogen gas over 
heated nickel which ae asa Gnlrat 


phenol, each factory making nylon 
polymer is designed to use either one or 
other material as the starting point for 
the process. Benzene and phenol are 
available as valuable by-products from 
other industries. Both compounds are 
present in coal tar while large quan- 


tities of benzene are produced by oil 
refineries. 
Making Nylon Yarn 

By far the largest proportion of the 
nylon made is converted into yarn and 
most of this is subsequently woven or ~ 
knitted into fabrics of various types. 
The production of the yarn is so dif- 
ferent from the manufacture of the 
polymer itself that the two processes 
are invariably carried out in separate 
factories. 

The first step in making the yarn is 
to convert the nylon chips into long 
fibres in a process called melt spinning. 
To do this the chips are melted — the 
correct temperature (slightly above 
250°C) is maintained in the spinning 
tower by condensing the vapour of a 
specially compounded high boiling 
point liquid marketed under the name 
‘“Dowtherm”’. The molten nylon is 


Purity of Reactants 


As many of the reactions used in the 
manufacture of nylon are catalytic, 
great care has to be taken to ensure 
that the catalysts are not ‘poisoned’. 
The principal precaution taken in this 
respect is to ensure that at all stages the 
various reactants are of the highest 
state of purity. 
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then forced through spinn@yets — speci- 
ally made metal discs in Which many 
fine holes have been cut. Thevoles are 
generally circular, but in 
yarns for some special purposes: 
of other shapes may be used. 


Adipic Acid to 
Hexamethylene Diamine 


The adipic acid is vaporized, aia se 
ammonia and passed overa dehydrating 
agent (e.g. silica gel) which is main- _ 
tained at a temperature of about 400°. 
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The fine strands or filaments of 
molten nylon emerging from the 
spinnerets are cooled and hardened by 
currents of air. The separate strands 
are wound on to bobbins. Care is 
taken to ensure that the tension in the 
newly formed fibre is kept constant. 

At this stage the individual mole- 
cules of the polymer tend to be in a 
random and confused mass. However, 
in the next process, cold drawing, the 
filaments are stretched by mechanical 
means to about four times their 
original length. This straightens out 
the long chains of the nylon molecules 
so that they become parallel to one 
another. This is rather like combing 
hair to straighten out the tangles and 
make the hairs lie parallel to one 
another. 

Cold drawn fibre is much stronger 
and has better elastic properties than 
the filaments emerging from the spin- 
nerets. Nylon yarns are often given a 


The adiponitrile is then mixed with 
hydrogen and passed over heated 
nickel which acts as a catalyst. In this 
reaction adiponitrile is reduced to 
hexamethylene diamine. 


heat treatment to stabilise them, They 
are heated to a temperature slightly 
greater than the maximum they are 
likely to meet in normal service, thus 
reducing the risk of distortion. Simi- 
larly, nylon fabrics are usually ‘heat 
set’. This is why nylon garments keep 
their shape so well and do not shrink or 
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After nylon yarn has been cold drawn it is often heat set to reduce the risk of distortion in 
subsequent use. Here a batch of yarn 1s entering a cabinet for heat treatment. 


stretch. Loss of shape used to be a 
major snag with warp-knitted fabrics 
but with nylon it can be prevented and 
this is why these fabrics are now being 
used more and more extensively. By 
opening up big new markets for 
women’s lingerie, men’s shirts and 
even sheets, nylon has, in effect, com- 
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pletely revolutionised the warp- 
knitting section of the textile industry. 

Almost all natural textile fibres 
arrive at the mill as a tangled dis- 
organised mass of short fibres, so if 
nylon is to be blended with one or 
other of the natural fibres it also needs 
to be supplied in a similar tangled 
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mass, i.e. as staple fibre. The nylon 
filaments are melt spun in the normal 
way. But instead of cold drawing each 
filament separately, many hundreds 
of the strands are cold drawn together 


' as a tow. The tow is crimped (made 


crinkly) and cut into various lengths 
according to its subsequent use. 
Uses of Nylon 

As well as being the strongest of all 
textile fibres, nylon has several other 
special advantages which commend it 
for a wide variety of uses. Since it is so 
strong, many articles made from nylon 
can safely be thinner and in con- 
sequence much lighter than the same 


Denier 


The thickness of nylon and other 
synthetic fibres is indicated by its 
lenier, which is the weight in grams of 
9000 metres of the yarn. Thus 15 denier 
yarn is thinner than 30 denier. By 
comparison ordinary human hair is 
quite thick being about 50 denier. 


articles made from traditional 
materials. Comparison of nylon climb- 
ing ropes and nylon fishing lines with 
those made from natural fibres quickly 
demonstrates this point. 

Nylon is rot proof and is not attacked 
by insects or bacteria. Fabrics that 
have been finished correctly do not 
shrink or stretch, and the only effect of 
moisture is a temporary reduction in 
tensile strength. Nylon has a high 
resistance to abrasion, does not burn 
readily, and will withstand exposures 
to temperature of 150°C without 
too much loss of strength. 

In addition to its use in almost all 
classes of clothing, from the finest 
stocking to hardwearing overalls, more 
and more industrial uses are being 
found for nylon. It is playing an im- 
portant part in making high speed 
travel safe — safety belts and the re- 
inforcement for tyres are made from 
nylon. Ropes and nets made from 
nylon are in great demand because 
they are lighter and last much longer 
than those made from natural fibres. 
Nylon fabrics coated with various 
plastics and synthetic rubber are 
being used increasingly in protective 
clothing and for waterproof covers and 
containers. 


HEAT PHYSICS 


FTER vigorously sawing through a 
rather obstinate log of wood, the 
blade of the saw usually becomes too 
hot to touch. Obviously heat has been 
generated, but how? The heat must 
have come from somewhere. It cannot 
have sprung from the blade itself 
because this was at quite a low tem- 
perature to start with. Nor has this 
heat come from the wood, for the wood 
has undergone no drop in temperature. 
Energy has been used up in sawing. 
Most of this energy is used in over- 
coming friction with the rough wood. 
Now this energy cannot just disappear. 
If it disappears in one form it must 
appear again in another. The energy 
used to overcome friction appears 
again as heat and the temperature of 
the saw blade rises. 

In other words, mechanical energy 
is converted into heat energy. The 
human body uses this fact. In bitterly 
cold weather people try to keep warm 
by rubbing their hands together and 
jumping up and down. 

The mechanical energy put into 
rubbing hands is used in overcoming 


friction and heat is produced. Mech- 
anical energy is also used in jumping. 
As the body rises higher and higher, 
this energy is stored as potential 
energy. At the top of the jump, all the 
energy is potential (energy stored 
ready for use). As the body descends 
and gathers speed it changes into 
kinetic energy (energy by virtue of its 
velocity). But once back on the ground 
again, the movement is halted. There 
can be no more kinetic energy or 
potential energy either. It has all 
changed into heat. This happens when 
any falling body plummets onto the 
ground. 

Mechanical energy and heat energy 
are interchangeable. 42 million ergs of 
mechanical energy are expended in 
producing 1 calorie of heat. This value, 
42,000,000 ergs per calorie, is known 
as the mechanical equivalent of heat. One 
calorie is the quantity of heat needed 
to raise the temperature of 1 gram of 
water through 1°C. An erg is the work 
done on a mass of 1 gram to make it 
move through 1 cm with an accelera- 
tion of 1 cm/sec?. The mechanical 


Finding the mechanical equivalent of heat experimentally 


Mechanical work done = 


total distance through which the shot has fallen x mass of 


shot x acceleration of shot. 
= 50 x 70 x mass x 981 ergs 
Heat generated = mass of shot x specific heat of lead x temperature rise 
= mass X 0-0315 x 2-4 calories 


Work equivalent to 
| calorie 


_ 50 x 70 x mass x 981 
mass X 0-0315 x 2-4 


= 45,000,000 ergs 


The result is rather high because some of the heat is lost to the cardboard of the tube. 
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with the atmosphere creates a gies deal of 
heat. Mechanical energy 1s converted to heat 
energy. The heat shield prevents the metal of 
the capsule from becoming hot enough to 
melt. 

equivalent of heat can also be ex- 
pressed at 4:2 joules per calorie (107 
ergs = I joule). 

Very little apparatus is needed to 
get a rough value of the mechanical 
equivalent of heat experimentally — 
just a long cardboard tube with three 
rubber bungs to fit tightly into the 
ends, a centigrade thermometer and 
about a pound of lead shot. One of the 
rubber bungs is pierced to hold a 
thermometer. 

The idea is to put the lead shot in the 
tube and rapidly tilt the tube so that 
the shot tumbles back and forth bom- 
barding the rubber bungs at the ends. 
Each time the shot falls it loses energy 
of motion and gains heat. The tem- 
perature goes up. The numerical value 
of the mechanical equivalent of heat 
can be calculated, from the number of 
times the lead shot bombards the 
bungs, the length through which it 
falls and the temperature rise. 
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BIOLOGY 


SEALS 


EALS, though they live in the sea, 
are typical mammals. They have 
warm blood and they suckle their 
young; thus they are related to such 
animals as the horse, the lion and man 
himself. For millions of years, the 
mammals were a small. unimportant 
group. They were dominated by the 
dinosaurs and other enormous reptiles. 
When these great reptiles became ex- 
tinct 60 million years ago, the mam- 
mals rapidly increased in number and 
variety and took over the unoccupied 


Classification of Seals 
Otary Family (‘Eared’-seals) 
Faukland sea-lion (S. American coastal 
waters). 

Californian sea-lion (North Pacific). 
Alaska fur seal (North Pacific). 

Walrus Family 

Arctic Walrus (Arctic). 

True Seal Family (‘Earless’-seals). 
Common seal (N. Atlantic and N. Paci- 


fic). 

Ringed seal (Arctic). 

Harp seal (Arctic and N. Atlantic). 

Grey seal (North Atlantic). 

Monkseal (Mediterranean and W. Indies). 

Crab-eating seal (Antarctic). 

Leopard seal (Antarctic). 

Weddell’s seal (Antarctic). 

Southern Elephant seal (Antarctic). 

Hooded seal (North Atlantic). 

Ross seal (Antarctic). 

Bearded seal (North Atlantic). 
territories. 

The seals (with the whales and sea- 
cows) invaded the oceans. Structures 
first developed to suit life on dry land 
became adapted to the new surround- 
ings. Thus seals are very much at home 
in the water. Their spindle-shaped 
bodies slide easily through the seas. 
Their hands and feet have webbing 
stretched between the fingers and 


Most of the seal’s leg remains inside the 
body. The flippers are hands and feet 
adapted for supporting webbing. 


1448 


between the toes. This gives a greater 
surface area for pushing against the 
water when swimming. Ducks, frogs, 
and beavers for instance, have webbed 
feet for the same reason. In seals the 
webbing is supported by swellings of 
gristle at the tips of the fingers and 
toes. The claws in consequence are 
very small in size compared with the 
claws of some of their land dwelling 
relatives. 

Seals live in only six of the seven 
seas. No species inhabits the Indian 
Ocean. Most of them prefer the cold 
water about the north and south poles, 
probably because food is more abund- 
ant there. They are protected from the 
severe cold by a coat of short hair and 
a thick layer of blubber beneath the 
skin. 

All seals are meat-eaters or carnivores. 
The Falkland Island seal and the 
Southern Elephant seal live almost 
entirely on squid, their stomachs be- 


The walrus uses its 2-foot long tusks for 
digging up shell-fish and sometimes for 
pulling itself across the ice. 


coming stained by the ‘ink’ of these 
‘devil-fish’. Other species of seal feed 
on fish, crabs, star-fish and molluscan 
bivalves. The walrus has enormous 
tusks (adapted teeth) which it uses to 
dig up bottom-living creatures before 
eating them. 

Often, to obtain their food, seals 
dive down through 200 feet of water 
and can remain submerged for up to 
twenty minutes. Man is able to do this 
by protecting himself against the pres- 
sure of the water with a helmet, and by 
using an artificial supply of air. But 


- seals have their own built-in adaptions. 


They can stay for long periods under 
the water not by having larger lungs 
but by breathing more deeply. Seventy per 
cent or more of the air in the seal’s 
lungs is exchanged for fresh air at each 


The ‘trunk’ of the male sea-elephant is a 
bladder-like growth which can be filled with 
air. It is used for making noises. 


SOUTHERN 
ELEPHANT 


SEAL 
(SEA-ELEPHANT) 


Alaska fur seals at their breeding grounds 
on the Pribilof Isles. The bull seal sits on a 
rock surrounded by his wives. 


breath; man can only exchange about 
fifteen per cent. In addition, the 
gradual accumulation of carbon di- 
oxide in the lungs, which would be 
fatal to Man, does not seem to trouble 
the seal. When actually diving, seals 
make very careful use of the air con- 
served in their lungs. The heart slows 
down from 100 beats per minute to a 
mere 10, so that oxygen is used up very 
slowly. The blood supply to the skin is 
reduced, enabling most blood to pass 
through the brain and the heart itself— 
organs which need a good supply of 
oxygen. The ear drums, which would 
burst under the pressure of the water, 
are protected by a muscle which closes 
the canal of the ear as soon as a dive 
commences. In deep waters where 
there is little light, seals hunt chiefly by 


The Grey seal of the North Atlantic. As in 
all seals, the rear feet are turned backwards 
for easter swimming. 


smell. A blind seal has, for instance, 
been known to exist quite happily, un- 
affected by its loss of sight. 

Seals, unlike whales, do not spend 
all their time in the water. Every year 
(in the case of the walrus, two years) 
they clamber back on to the land to 
breed. The limbs, which are adapted 
to swimming, make walking very 
awkward. One group of seals — the 
otaries — manage to use all four limbs 
together, but the rest drag themselves 
forward with their front ‘flippers’ or 
wriggle along on their bellies. Except 
for three rare species, seals live and 
breed together in herds. For this 
reason, they are very easily hunted and 
destroyed. 

All social animals exhibit interesting 
behaviour towards one another. Seals 
at sea are not easily observed, so that 
their breeding behaviour on land is 
much better known. The males of 
some species (the Southern Elephant 
seal, the Alaska fur seal and the Falk- 
land sea-lion) collect a number of 
wives together and fiercely defend 
them from any rivals. The females of 
the grey seal are actually collected by 
a single male, but the group is then 
ruled by a whole succession of males, 
one following another. In the other 
species pairing is much more random. 

Seals have a tendency to return to 
the same breeding grounds each year 
although this often involves swimming 
great distances. The Alaska fur seals 
breed only on the Pribilof Isles in 
Arctic waters off the Alaskan shore. 
This means that the females have to 
swim 3000 miles from the coast of 
California, where they spend the 
winter. 

Young seals are born in a very ad- 
vanced state, protected from the cold 


The Sea-Leopard — the fiercest of the seals. 
It hunts in Antarctic waters usually alone 
and 1s the greatest enemy of the penguin. 


oti 


Young seals are born in an advanced state. 
They quickly increase in size feeding from 
milk 50% rich in fat. (Cow's milk has 
3°4%). The fleecy coat becomes lost to 


make swimming easier. 


At every breath the seal exchanges three- 
quarters of the air in its lungs for fresh- 
air. This is 4 or 5 times more than in Man. 
LUNG OF 
LUNG OF MAN 


SEAL AIR EXCHANGED 


aa 


by a thick, fleecy coat. They are able 
to move about soon after birth and it is 
not long before they take to the sea 
with their parents. Most young seals 
are themselves ready for reproduction 
after 2 or 3 years. The walrus, how- 
ever, takes 5 or 6 years to reach sexual 
maturity, and then can breed only 
every other year. As a result it has been 
unable to make up the numbers lost 
through slaughter and unfortunately 
it is in great danger of extinction. 


The sea-lions of circuses and zoos are@@lt 
Californian sea-lions. They have small(@ar= 
lobes and thus belong to the Otary family, 


LIFORNIAN SEA 


‘NO electrostatic field can exist in- 

side a closed conducting vessel’, 
was the conclusion Michael Faraday 
reached after he had been experiment- 
ing with electric fields around objects 
charged with static electricity. His 
‘closed conducting vessel’ was a metal 
ice-pail. He had charged the pail with 
static electricity, knowing that static 
electric charges can ‘act at a distance’ 
on other electric charges, and make 
them experience an electrostatic force. 
An electrostatic ‘field’ is the name 
given to a region where this kind of 
force acts. Using a goldleaf electro- 
scope, an instrument which can detect 
electrostatic forces, Faraday showed 
that there certainly were electrostatic 
forces acting outside the ice-pail. Inside 
the pail he could detect no force at all. 


So there could not possibly be any 
field there. 

Faraday’s conclusion is important to 
anyone who wants to protect some- 
thing from electric fields — simply pop 
it inside a closed conducting vessel, 
like an ice-pail. This technique is 
widely used in electronic circuits, 
although the devices to ‘shield’ or 
‘screen’ do not look very much like ice- 
pails. The screening in coaxial cable 


The outer network of wires acts like a ‘closed conducting vessel’. It ‘screens’ the inner leads of 


the coaxial cable. 


EARTHED SCREENING 
INSULATOR LEAD 
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A charged ball ‘acts at a distance’, even on an uncharged ball. Unlike charges attract 


each other. Like charges repel. 
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When the charges are A. out evenly, their effect at the centre is cancelled out. But it 
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does not cancel out if the charge-distribution is uneven. 
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leading to a television set, for example, 
is provided by the ‘earthed’ wire. 
wrapped around the other wires (and 
insulated from them). It prevents the 
cable from picking up stray fields. The 
fields are caused by electromagnetic 
waves — radio waves — which are a com- 
bination of disturbances of electric and 
magnetic fields. When the wave strikes 
a piece of conducting metal, electric 
currents are induced to flow to and 
fro in the metal. If the fields could 
reach the inner wires of the cable, 
currents would be induced in them, 
and the cable would be acting as an 
aerial. It would pick up mainly un- 
wanted signals, which produce un- 
pleasant noise or ‘hum’ in the set. 
Currents are induced to flow to and fro 
in the outer earthed lead of the cable, 
but they flow harmlessly away to 
Earth. The important leads inside are 
free from disturbance. No electric 
field has been allowed to get inside the 
screening cylinder of wire. 

There is no point in putting some- 
thing inside an ice-pail if the fields are 
actually wanted. It is no use putting an 
aerial inside a closed conducting vessel 
and expecting it to pick up electro- 
magnetic waves. The aerials of small 
transistor radio sets are usually rods 
inside the set. If the set is put inside a 
car, with no special car aerial, it will 
probably not pick up a signal. The 
metal body of the car acts like an ice- 
pail, keeping the fields outside it and 
screening the set. However, signals 
may be detected if the transistor set is 
lifted up to be on the same level as the 


NO 
DEFLECTION — 
NO FIELD 


windows. Glass is not an electrical 
conductor, so it does not screen the 
signal from the aerial. 

This demonstrates that good screen- 
ers must also be good conductors of 
electricity. There is no field inside 
because charges on the outside are 
completely free to arrange themselves 
in a particular way. Electrons in an 
electrical conductor are only loosely 
bound to their parent atoms. Under 
the influence of an electrostatic field, 
they are free to move around, and they 
do move, for the presence of an electro- 
static field implies that there are 
electrostatic forces there. Electrostatic 
forces act on electric charges, and 
move them. 

For example, if a charge is put on 
the outside of an absolutely perfect 
hollow copper sphere, electrostatic 
forces act between all the individual 
charges. As they are either all positive 
charges or all negative charges, they 
repel each other, and move as far away 
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FIELD OUTSIDE — 
THEREFORE 
DEFLECTION 


from each other as possible. On a 
perfect sphere this means that they be- 
come distributed evenly over the out- 
side of the whole surface. 

Although the charges are on the 
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outside, each contributes, by its ‘action 
at a distance’, to the field inside the 
sphere. The total effect can be found 
by adding up individual contributions 
but they are all acting in different 
directions, tending to cancel each 
other out. The net result is that there is 
no field in the centre at all. In fact, 
there is ‘no field’ at every single point 
inside the sphere. 

This is something which can be 
proved mathematically. But the proof 
works only if the contributions to the 
force inside are based on an Inverse 
Square Law (i.e. the force falls off as the 
square of the distance from the 
charge). Another necessary condition 
for it to work out mathematically is 
that the charges are distributed uni- 
formly over the surface area, as they 
always are in a good electrical con- 
ductor. 

Once charges are put on an elec- 
trical insulator, like glass, they cannot 
redistribute themselves. They are 
fixed. Charges are unbalanced outside, 
so the field inside is unbalanced, and is 
not cancelled out. So there is an 
electrostatic field inside a dry, hollow 
charged glass ball. 


The metal parts of a car are electrical conductors, so they ‘screen’ most of the inside. A radio 
aerial on the outside 1s not screened, so it picks up radio waves. The glass windows are not 
good electrical conductors, and they let the radio waves pass through. 


PALAEOGEOGRAPHY 


HEMICYCLASPIS 


PTERASPIS 


Above, Hemicyclas- 
pis and below Pteras- 
pis, two primitive 
jawless fish (ostraco- 
derms) from Lower\® 
Devonian rocks. Theses 
fish were related to” 
today’s lampreys and © 
hag-fish. 


PRESENT-DAY OUTCROPS 
OF DEVONIAN ROCK 
ARE SHOWN IN 
YELLOW 


Early Devonian Britain, 325 million years 
ago. Most of the new land had previously 
been under the sea. Broken white lines show 
the position of the basin in Scotland during 
Middle Devonian times. 


Devonian 


T the close of the Silurian period, 
areas which for 200 million years 

had lain under the sea, were uplifted 
into mountains. Sediments were 
washed out from this new land surface 
into the sea and accumulated inside 
yet another trough which had begun 
to form in the area now known as 


Scottish Devonian 


The Central Valley of Scotland was a 
sinking basin between lofty mountains. 
Movement along the Highland bound- 
ary fault and the Southern Upland fault, 
great fractures in the rock, which can 
be seen today, probably started at this 
time. Certainly the area was unstable 
for volcanoes were very active in the 
basin and also to the south, in the 
Cheviot Hills. The erosion of the 
‘surrounding mountains caused great 
thicknesses of coarse conglomerates to 
pour in enormous fans, down the hill- 
sides and occasional torrents of rain 
helped wash the sediments over the 
valley floor. Lakes in the valley con- 
tained fish similar to the types in the 
Welsh borderlands. Sedge-like land 

lants, the Psilophytes, grew on the mud 
lats near the water. 

Younger rocks of Middle Devonian 
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Brita 

Devon and Cornwall. Early geologists 
called the new period the Devonian 
because it is in Devon that the contents 
of the trough are preserved. The 
Welsh borderlands and the Central 
Valley of Scotland were left as two 


low-lying regions between the new 
mountains, and there deposits ac- 


times cannot be recognized either in 
Wales or Central Scotland. But they 
are found northwards in Aberdeen- 
shire and Inverness-shire, where a new 
basin formed. The first sediments were 
made of coarse rock fragments brought 
from the mountains that lay to the 
west. On top of them is a great thick- 
ness of fresh-water sands and muds 
(which are not red in colour) deposited 
in a curious cyclic rhythm. The first 
rock is a deep-water mudstone but 
this becomes coarser and passes up- 
wards into sandstones with shallow- 
water ripple-marks. There is then a 
return to deep-water muds again. The 
alternations could possibly represent 
seasonal changes. More advanced fishes 
with jaws, including the ancestors of 
nearly all today’s forms, show that 
these rocks were deposited later than 


CHEIROLEPIS 


DIPTERUS 


Fish remains found in rocks of Middle 
Devonian Age. Top: Cheirolepis belong- 
ing to a group from which most later bony 
fish have descended. Bottom: Dipterus, an 
early lung-fish. 


BOTHRIOLEPIS 


E Fish remains found in rocks of Upper 


Devonian age. Above, Coccosteus and 
below Bothriolepis. Both were very primi- 
tive jawed fish (placoderms) and both be- 


came extinct at the end of Devonian times. 


cumulated on the actual land surface, 
giving a first glimpse of what con- 
ditions were like outside the sea. 

The Welsh borderland was at first a 
shallow marine bay. It slowly filled 
with sediment and became cut off from 
the main ocean. The salt content of 
the enclosed sea water decreased and 
fewer and fewer marine-living animals 
could survive. The area was at last 
turned into a low-lying coastal plain 
with slow-moving rivers and _ fresh- 


the rocks of the Welsh borderlands or 
the Central Valley of Scotland. 

At the close of the Middle Devonian 
there were violent earth movements 
and further volcanic eruptions. The 
basins in Central Scotland and Inver- 
ness-shire were made into one large 
structure which probably became con- 
nected to the Welsh borderland valley 
by a long, narrow stretch of inland 
water. The upper Devonian rocks, are 
chiefly red sandstones deposited in the 
shallow land-bound waters. The land 
surface had been slowly reduced to a 
flat desert-like plain and a large pro- 
portion of wind-rounded pebbles and 
sand grains were blown out into the 
water. The Upper Devonian lakes had 
their own very distinctive fish, and 
beds of this age are identified by means 
of the fish remains. 


water lakes. Sediments of the time have 
preserved shallow-water ripple marks, 
and mud-cracks caused by the Sun 
drying wet clays. Limestone pellets 
found in the sandstones are believed to 
have been formed by the evaporation 
of ‘hard’ water from pools. Deposits 
made up of large fragments of rock 
(conglomerates) are not common in the 
area. Conglomerates will accumulate 
near high land, for large pieces of rock 
can be moved only by the fast rivers 
that flow down very steep mountain 
sides. It is thought therefore that the 
new mountains in Wales were still 
rising at this time and were not yet of 
any great size. 

All the sediments that accumulated 
on the land during the Devonian to- 
gether make up a sequence of rocks 
called the Old Red Sandstone, though 
not every rock included is either red or 
sandy. In the Welsh borderlands, for 
instance, green and grey sands, muds 
and silts were deposited amongst the 
more typical red-stained sediments. 

Fish fossils become abundant in Old 
Red Sandstone rocks. The early forms 
in the Welsh borderlands were primi- 
tive and jawless; they lived on minute 
plants in the water or dredged in the 
mud for small organisms. Some seemed 
able to survive only in fresh-water but 
other could probably live quite happily 
in the sea as well. The Ludlow bone 
bed in the Welsh borderlands is a 
‘grave yard’ of fish. Spines, and frag- 
ments of bone making up a layer of 


Block diagrams showing conditions 
on the land in Devonian times. Top, 
rock fragments are brought from the 
mountains by fast rivers. Middle, Lakes 
forming on the valley floor. Bottom, 
Dried up lakes in times of drought; the 
mud cracks are due to the Sun’s heat. 


LAKES FORMING# 
IN THE ‘ 
VALLEYS 


MUD-CRACKS 
DEVELOPING 
IN THE MUDS 


rock inches thick, are spread over a 
wide area. Perhaps it represents a time 
when a sudden change in the salt con- 
tent of the water instantaneously 
destroyed all the fish that were unable 


-to adapt themselves to the new con- 


ditions. Evaporation of the water, 
killing the fish by suffocation, is an- 
other possible explanation. Most of the 
early fish were protected by bony 
armour — probably a defence against 
Eurypterid attackers. Eurypterids 
were large arthropods (some were five 
or six feet in length), related to 
scorpions and spiders. They lived both 
in the sea and in fresh-water during 
Devonian times. 

To the South, in the trough in 
Devon, a complete sequence of marine 
Devonian sediments accumulated — 
largely grits and mudstones, though on 
occasions, sediment was small enough 
in quantity for limestones to be able to 
develop. Brachiopods (the lamp- 
shells), made up a very important part 
of the life in the shallower regions and 
are used to identify the age of the sedi- 
ments in which they occur. 

North Devon and Somerset was an 
intermediate area where the sea altern- 
ately advanced and retreated, 
throughout Devonian times. As a 
result, mixed types of sediment — 
marine muds and red terrestrial sand- 
stones — occur. Fortunately the rocks 
are full of fossils and enable the land 
and sea sediments of the Devonian 
period to be compared in age. 


Life in Devonian seas. The giant fish in the centre was Dinichthys a placoderm related to Coccosteus. It reached 30 feet in length. 
Other fish in the picture are early sharks which first appeared in Devonian times. 


PHYSICAL CHEMISTRY 


Apparatus for finding the solubility of a gas in a liquid 


The volume of the pipette is found by finding the 
mass of water to fill it. If the mass 1s 120 gram, 
then the volume is approximately 120 cc. 


SOLUBILITY 


of GASES 


CARBON dioxide gives the fizz to 

fizzy drinks. It is forced into the 
lemonade under pressure and then the 
bottle top is screwed on tightly so that 
the gas cannot escape. The carbon 
dioxide has obviously dissolved in the 
lemonade as there are few bubbles to 
be seen in the bottle. But immediately 
the stopper is removed and the pres- 
sure is released, the lemonade starts 
fizzing and the bottle is full of rising 
bubbles. Most of the carbon dioxide 
can no longer remain in solution and so 
forms gas bubbles which rush up to the 
surface and escape into the atmo- 
sphere. 

More carbon dioxide dissolves in 
lemonade when it is forced in under 
pressure than dissolves when the pres- 
sure is lower. This is a general rule for 
all gases dissolving in liquids. Solu- 
bility increases with increase of gas 
pressure. 

But exactly how does gas pressure 
affect the solubility? At o°C and 


Carbon dioxide 1s more soluble in orange juice when the pressure is high. The solubility decreases with rise in 


temperature. 


CARBON DIOXIDE 


FORCED 
IN UNDER 


GAS ESCAPING WHEN 
PRESSURE IS RELEASED 


atmospheric pressure, 0:00188 grams 
of hydrogen will dissolve in 1 litre of 
gas-free water. When the gas pressure 
is doubled, the mass of hydrogen dis- 
solved is also doubled. 0:00376 grams 
then dissolve. Trebling the gas pres- 
sure also trebles the mass of gas going 
into solution. In other words, mass of 
gas dissolving in a given volume of liquid at 
a given temperature is directly proportional 
to the gas pressure. This is known as 
Henry's Law. 

Carbon monoxide, nitrogen, oxygen 
and hydrogen all obey this law very 
well. When the gas pressure is doubled, 
the solubility is also doubled. Sulphur 
dioxide, ammonia and_ hydrogen 
chloride gas do not obey the Law how- 
ever. These are gases with high solu- 
bilities in water and there is no general 
rule describing their behaviour. 
Henry’s Law only applies to gases 
which are relatively insoluble in the 
particular solvent under considera- 
tion. 


By raising and lowering the glass tube and 
adjusting the taps, the burette and connect- 
ing tube are filled with gas. 


The pipette is filled with boiled water. 


When hydrogen chloride dissolves 
in water it forms hydrochloric acid. 
Ammonia gas forms ammonium hy- 
droxide and sulphur dioxide dissolves 
to form sulphurous acid. All are quite 
soluble and have undergone a 


BUBBLES OF 
PREVIOUSLY 
DISSOLVED 

GAS DRIVEN 


Tap water contains dissolved gases. When 
the water nears boiling point, bubbles are 
seen rising. The gas is driven out as the 
temperature rises. 


chemical reaction. It is therefore 
reasonable to assume that when a gas 
disobeys Henry’s Law the gas reacts 
chemically with the solvent. 

Carbon dioxide lies between these 
two types. It follows Henry’s Law but 
not very closely. A little of the gas 
reacts with water forming carbonic 
acid and the rest goes into solution and 
obeys Henry’s Law. 

Temperature also affects gas solu- 
bility. There are no gas bubbles to be 
seen in a glass of water. But when the 
same sample of water is heated 
towards its boiling point bubbles begin 
to form and rise up to the surface. 
Although a certain amount of air can 


ATER IS 
WEIGHED TO 
IND ITS VOLUME 


5 


THERMOSTATICALLY 


HA 
ISSOLVED 


Some of the boiled water is quickly run out of the pipette and weighed so that the volume 
remaining can be found. The mercury is levelled and the burette reading is noted. 5. The 
water is shaken with gas and left in a thermostatically controlled bath to ensure total satura- 
tion. 6. The rise in mercury level is the volume of gas that has dissolved at the pressure of the 


room. 


dissolve in water at room temperature 
it is driven out as the temperature 
rises. The air can be completely driven 
out by boiling the water. 

If a corked bottle of fizzy drink is 
left in the sun, bubbles of carbon 
dioxide start to come out of solution. 
The pressure of gas above the drink 
starts to build up until the cork can no 
longer hold in place and pops out of 
the bottle. 

Gas solubility, then, decreases with 


MERCURY 


GAS 
CYLINDER 


RUBBER 
TUBING 


rise in temperature. Usually all the 
dissolved gas can be driven out of a 
liquid by boiling it. This is the general 
behaviour pattern, but no definite rule 
is followed. The decrease in solubility 
with temperature is not a steady one. 
If the solubility of a gas is known at a 
certain temperature and pressure, it is 
impossible to calculate the solubility 
when the temperature is altered. The 
only way to find the new solubility is 
to find it by experiment. 
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INORGANIC CHEMISTRY 


MAKING A CHEMICAL GARDEN 


handful of different coloured salt 
crystals (e.g. green crystals of 
ferrous sulphate), can be made to grow 
into long fronds and fernlike struc- 
tures. After they have sprouted, the 
crystals look rather like plants growing 
in an underwater garden. The garden 
can be made to look quite attractive 
and realistic if the floor of the tank in 
which the crystals are grown is strewn 
with pebbles and sand. 
The ‘garden’ is quite easy to make 
and requires no complicated pieces of 


SiO, 


Cu 


COPPER SILICATE 
uSi 


WATER GLASS E 
U DEPOSITED 


SODIUM 
SILICATE 
Na,SiO, 


How this crystal grows. Some copper sul- 
phate dissolves and immediately reacts with 
the sodium silicate in solution. A particle of 
copper silicate is precipitated and sticks to the 
crystal surface. 


apparatus — only a glass dish or trough 
is needed. 

First of all a solution of water glass is 
prepared. Water glass is a glass-like 
substance used for preserving eggs. 
Chemically, it is sodium silicate 
(Na2SiOs), a constituent of ordinary 
window glass which preserves eggs by 
forming a waterproof skin around their 
porous shells. 

Water glass is sometimes sold as a 
whitish powder which will dissolve in 
hot water to form a rather syrupy 
glassy liquid. The solution is prepared 
by dissolving two tablespoonfuls of the 
powdered water glass in each cupful of 
hot water required. The solution is left 
to cool down before being siphoned 
into the glass tank ready strewn with 
pebbles and sand. 

A few salt crystals are selected. 
These could be some yellowish-brown 
crystals of ferric chloride, green crystals 
of nickel sulphate and pale green 
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ferrous sulphate crystals, pink cobalt 
nitrate and magnanese sulphate, blue 
crystals of copper sulphate and white 
glass-like crystals of zinc sulphate. 

A handful of this colourful mixture 
of crystals is sprinkled into the pre- 
pared trough of water glass and left to 
stand overnight. The crystals begin to 
sprout and with time, the ‘foliage’ 
grows and grows. 

The sprouting foliage is similar in 
colour to the original crystals, but 
chemically, it is not the same. It is a 
metallic silicate. The blue foliage 
growing on the copper sulphate 
crystals will be copper silicate and the 
whitish growths on the colourless zinc 
sulphate crystals will be made of zinc 
silicate. 

The chemical: garden must not be 
shaken around or jolted. If it is dis- 
turbed, the growths will shatter and 
the effect will be spoilt. 

How have the crystals sprouted and 
how have the fronds grown and 
grown ? All of the salt crystals chosen 
are soluble in water. The solution sur- 
rounding them contains water as well 
as sodium silicate (water glass). So the 
crystals begin to dissolve in this water. 
Copper sulphate crystals start to form 
a solution of copper sulphate. Im- 
mediately some of this salt goes into 


Chemical garden. The crystals of coloured salts 
are growing in a tank of water glass, sodium sili- 
cate. Blue feathers of copper silicate sprout from 


blue crystals of copper sulphate. 


solution, a reaction starts with the 
water glass. The two acid radicals 
change metallic ion partners. 

Instead of copper sulphate and 
sodium silicate in solution, there will 
now ‘be some sodium sulphate and 
copper silicate. The copper silicate is 
precipitated and because it is in- 
soluble, a particle of it forms and is 
deposited on the crystal. The crystal 
grows as more and more particles are 
deposited. The other crystals behave 
in just the same fashion, only a nickel 
sulphate crystal has particles of nickel 
silicate deposited on it. 


ZnSiO, IS 
DEPOSITED 


How this crystal grows. Some zinc sulphate 
dissolves and immediately reacts with the 
sodium silicate in solution. A particle of zinc 
silicate is precipitated and sticks» to the 
crystal surface. 
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INSECT STINGS 


LL female insects possess some sort 

of egg-laying equipment at the 
hind end. In many cases these organs 
are very tiny and completely hidden 
within the body. They simply form a 
channel for the eggs passing out of 
the body. Sometimes, however, these 
structures are large and extend beyond 
the body. They are used to place the 
eggs in suitable places — e.g. under- 
ground, inside stems or logs of wood. 
For this reason they are called 


HOLLOW 
STYLET 


POISON CANAL 
LANCETS 


SECTION OF STING SHAFT 


The honey-bee cut-away to show the sting 
apparatus and the various plates and muscles 
that move the lancets. Below it is a cross 
section of the shaft. 


ovipositors (egg-placers). Many grass- 
hoppers possess large curved egg- 
placers while some ichneumon flies 
— parasites that lay their eggs inside 
the young of other insects — have very 
long, fine egg-placing tubes. These are 
frequently mistaken for stings. 

In many of the bees, wasps and ants 
the egg-laying apparatus is actually 


modified as a sting and does not 
appear to be used in egg-laying at all. 
It is a weapon of defence and, among 
the wasps, it is used for paralysing 
grubs, spiders, etc. that are used as 
food for the larvae. Obviously, only 
females (i.e. queens and workers) can 
sting, for the males (drones) have no 
such apparatus. 

The honey-bee’s sting is a complica- 
ted structure which normally rests in a 
cavity at the end of the body. There 
are three parts to the shaft of the sting 
and they fit together to form a tube. A 
single stylet partly sheathes two lancets. 
When stinging, the body is arched so 
that the sting is extended at right 
angles to the surface of the enemy. The 
point of the shaft penetrates the 
enemy and the two lancets move 
alternately to and fro. The ends of the 
lancets are barbed and the movement 
pulls them further and further into the 
victim. At the same time, this move- 
ment pumps more poison into the 
wound. 


The whole process of stinging and 
withdrawal is very rapid when insect 
fights insect. But, when stinging an 
enemy with tougher skin, such as 
Man, the barbs on the sting prevent 
its withdrawal. The bee can then 
pull herself free only by leaving the 
sting behind. In doing so, she leaves 
the poison gland and other organs and 


The honey-bee cannot withdraw the barbed sting (right) from human skin and pulls herself 
ree by leaving the sting apparatus in place. The muscles can continue to pump venom into the 


wound long after this. 


MUSCLES AND POISON 
SAC ATTACHED TO STING 


SHEATH 
OF THE 
OVIPOSITOR 


The ichneumon Rhy§sa has a very long ovt- 
positor with which it tan bore into wood and 
lay an egg on a wood\wasp grub. 


is fatally wounded. A bee-sting should 
be scraped from the skin, not pinched 


4 . 
out, for any pressure on the poison sac 


will only drive more venom into the 
wound. 

Wasp stings have only tiny barbs 
and can be withdrawn easily from 
human skin. Wasps can therefore 
sting man more than once and in 
quick succession too, until the venom 
supply is temporarily exhausted. 

The venoms vary from species to 
species and are related to cobra 
venom. They are rapidly fatal to 
other insects but rarely more than 
a nuisance to Man because of the 
very small amount injected. Insect: 
venoms are complicated substances, 
containing a number of proteins but, 
contrary to popular belief, no formic 
acid. No specific antidote is yet known. 
Bee-keepers usually become immune 
to the effects of the venom and it is 
sometimes claimed that bee venom is 
useful in the treatment of various 
arthritic and rheumatic complaints. 
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| SCIENTIFIC INSTRUMENTS | 


How Acidic is it? 
- pH Meters 


AKING jam from over-ripe straw- 
berries produces poor results. 

The jam turns out thin and runny and 
refuses to set because there is in- 
sufficient acid in the fruit. To get 
good firm jam that sets nicely, it 
must be made within a certain range 
of acidity. In technical jargon, within 
a certain pH range. When the fruit is 
too ripe, some lemon juice or other 
acid can be added to adjust the pH so 


that the jam will set. Just the right 
amount should be added. Bitterly 
acidic jam that sets perfectly is no 
better than runny jam that will not 
set. The lemon juice can be added to 
taste. Add a little more and taste — add 
a little more and taste etc. This is all 
right for home jam making, but on a 
manufacturing scale an instrument is 
needed to replace the jam taster. This 
instrument is the PH meter which 
operates by measuring the acidity of 
the jam. 

Marmalade factories often have a 
pH meter to measure and adjust the 
acidity of a batch of oranges. Other- 
wise there can be no hard and fast 
recipe for the amount of sugar needed. 
Sometimes oranges are quite sweet 
whereas other batches are much more 
acidic. The pH meter monitors their 
acidity and if there are not enough 
pectins present, more acid is added 


HOUSING 
FOR 
$9 ELECTRODES 


An industrial assembly. Some of the liquid 
under test 1s channelled off from the main 
stream to flow through this housing so that 
the electrodes are always dipping in liquid. 


until the pH reading is correct. 

Cheese makers also use pH meters 
because the pH alters as the cheese 
matures and not because their cus- 
tomers are particularly interested in 
knowing how many delicious hydro- 
gen ions they are eating. By checking 
the pH of the cheese at intervals its 
maturity can be followed. 

So many of the industrial uses of 
pH meters are of this type. The pH 
readings are unimportant in them- 
selves but give a picture of what is 
happening within the solution. There 
are, in fact, innumerable different 


A portable pH meter being used to find the pH of the liquid in the beaker. The electrodes and 


platinum resistance thermometer are protected by a polythene sheath which can be removed 


~— Tome 
aD 


when very small volumes of liquid are under test. 


POLYTHENE 
SHEATH 


An automatic titrator 
in use. The pH meter 
shows when the end 
point of the titration 
has been reached and 
makes the controller 
cut off the liquid 
supply. 


CID 


AUTOTITRATOR 
CONTROLLER 


ways in which this meter can be used 
to follow a reaction of some sort. It 
can be used to follow the resistance 
of teeth to acid attack, and to dis- 
cover whether toilet soap is too alka- 
line. Very alkaline soap is harmful to 
the skin. The meter can also be used to 
regulate the amount of borax put into 
soap to make it less alkaline. pH meters 
are also used to test and adjust the 
acidity of swimming baths. 

The treatment of effluent, the waste 
material from factories, is one of the 
most important industrial uses of pH 
meters. In Britain it is forbidden by 
law to tip strong acids and alkalis 
down drains and into rivers. The 
effluent must be neutralized first. The 
machine adding the lime or neutraliz- 
ing chemical is connected via an 
automatic controller to a pH meter 
dipping in some liquid channelled off 
from the main stream. When the 
reading on the meter drops below 
a certain value and the waste material 
becomes too acidic, a valve opens and 
allows more lime into the liquid flow. 

Actually, far more pH meters are 
sold to research laboratories than to 
industry. Many are used to help with 
titrations. In a titration liquid is run 
from a burette to mix with another 
liquid in a flask placed underneath. 

Some sort of reaction takes place 


ALKALI 


ACID 
RESERVOIR RESERVOIR 


pH METER 


DELIVERY 
NIT 


the volume of liquid required to ex- 
actly complete the reaction. Indicators 
will show this by changing colour, but 
they are often grossly inaccurate and 
the colour changes may not be sharp 
enough. This is not true of the pH 
meter. There is usually an unmistak- 
able sharp change in pH at the ‘end 
point’. 

In routine titrations, the automatic 
titrator is a great time saver. At first 
it opens the burette tap so that the 
liquid can pour out. As the meter 
shows the end point is near, the flow 


FILTERS 


BE 
MEASURED 


ERENCE 
UPPRESSG 


COATED 
_SILVER 
WIRE 


DILUTE 
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ETER 
NPUT 


CAPILLARY 
TUBE 


JACKET 


The electrode system for measuring the pH 
of blood. The blood must not come in contact 
with air and the pH must be measured at 
body temperature. A vacuum line draws the 
sample into a capillary tube surrounded by 
warm water. 


is cut down so that the liquid can only 
leave the burette a drop at a time. 
When the end point is reached the 
liquid supply automatically cuts off. 
Industrial and laboratory pH meters 
are basically the same. Two glass 
sheathed electrodes dip in the solution 
under the test. The glass membrane of 
one of these electrodes is actually res- 
ponsible for detecting the pH of the 
solution. Industrial pH meters are 
usually part of a permanent installa- 
tion and the electrodes occupy a very 
definite position in the tank of liquid. 
Because of this, they are often housed 
in a rigid stainless steel canister. As 
well as positioning the electrodes this 
also helps to protect them. Laboratory 
pH meters are not permanent fixtures. 
First the electrodes are dipped into 
one solution and then into another. 
Therefore, they need no housing. 
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GLASS ELECTRODE 
FOR USE WITH 
LIQUIDS 


IN PRACTICE 
THERE MUST 

ALSO BE A 
SPECIAL REFERENCE 
ELECTRODE FOR 
COMPLETING 

THE CIRCUIT 


The design of the electrodes depends very 
much on how they are to be used. Round ends 
are used for liquids, cheese testing electrodes 
have spear-shaped ends. 


This does make them clearly visible, 
but because they are not protected 
the electrodes must be handled with 
more care. 
How the pH meter works 

When a thin walled glass tube is 
dipped into a solution a small voltage 
is generated on the glass. The size of 
this voltage depends upon the pH of 
the surrounding solution — the higher 
the pH, the higher the voltage. This is 
always true provided there are no 
temperature variations. At room tem- 
perature an increase of 1 pH increases 
the voltage generated by 59 millivolts. 

In other words, the glass acts as a 
generator whose performance de- 
pends on the pH. If the pH is low the 
voltage generated is also low. When 
the solution is more alkaline and has 
a higher pH the voltage generated 
across the glass membrane is also 
higher. Why does this happen ? There 
is at the moment no proper explana- 
tion, but nevertheless, the behaviour 
of the glass is absolutely reliable and 
this fact is utilized by the pH meter. 

The glass generator has very little 
power. It is probably of the order 
of a hundred millionth of a watt. One 
of these tiny generators would have to 
run for over 100 million years to pro- 
duce enough power to give one flicker 


pH stands for potency of hydrogen 
ions or hydrogen ion concentration, 
usually of a watery solution. pH 7 indi- 
cates a neutral solution. Anything 
below 7 will be acidic and above it, 
alkaline. Ordinary tap water is neutral. 
Most of its molecules are un-ionized, 
but just a few an up into hydrogen 
ions (H*) and hydroxyl ions (OH°). 
Because they are present in equal 
numbers the solution is neutral. There 
are 10°’ grams of hydrogen ions in a 
litre of tap water. The pH of tap water is 
7, the pH of any neutral solution. 
Hydrogen and hydroxyl ions behave 
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Meter controlling the pH o 
rubber latex used for manu- 
facturing rubber gloves. 
Only in a certain pH range 
will the rubber solidify 


properly. 


of light to an ordinary flashlight bulb. 
So current from such a low powered 
source cannot possibly be expected to 
drag a needle across a dial. To make it 
do this, the power it produces must be 
very highly amplified. 

The ‘generator’ must be integrated 
into a complete circuit. A coated silver 
wire dips into the hydrochloric acid 
sealed in the glass membrane and in 
this way the voltage is transferred to 
the wire. The lead off from this is well 
screened so that there can be no inter- 
ference from outside. First of all, in 
the electronic part of the equipment an 
electrometer value—a valve specially 
designed to deal with very small volta- 
ges — amplifies the grid voltage so that 
it can now supply a high enough anode 
current to be dealt with by an or- 
dinary amplification system. After 
amplification the current is strong 
enough not only to swing a needle 
across a scale and give a direct reading 
of pH, but also to provide enough 
power to operate a chart recorder and 


ina kind of see-saw fashion. As one goes 
down, the other goes up. As the hydro- 
gen ion concentration goes up, making 
a solution more acidic, the hydroxy] 
ion concentration goes down. It is 
impossible to increase one without 
decreasing the other. So the acidity or 
alkalinity of a solution can be des- 
cribed in terms of hydrogen ion con- 
_ centration ne 

If acid is added to tap water, the 
hydrogen ion content is increased. If 
it is increased from 10°’ to 10°5 gram 
ions per litre the pH becomes 5. When 
alkalis are added to water, the hy- 


SPEAR-SHAPED 

GLASS ELECTRODE 
FOR STABBING 
IN CHEESE 


other instruments which control other 
processes. 

To complete the circuit there must 
be some connection back to the solu- 
tion. A current cannot flow round a 
circuit that is not complete. A calomel 
electrode is used to complete the 
circuit because it supplies a voltage 
which never varies. There is a hole in 
the bottom of the calomel electrodes 
to provide a junction with the liquid 
so that the circuit is complete. Potas- 
sium chloride solution slowly leaks 
through this hole (which usually is 
fitted with a porous plug). There is a 
head of potassium chloride to make it 
leak. While the chloride is leaking out, 
the solution under test cannot rise up 
into the electrode and contaminate 
it. This is always a danger when the 
reference electrode dips in a solution 
where the pressure is high. 

Because the voltage generated by 
the glass membrane also depends on 
temperature, the electronic system 
contains a temperature compensating 
device. The meter then gives the 
same reading whatever the tempera- 
ture of the solution whose pH is 
being measured and tested, unless 
the pH changes with the temperature. 

The only inaccuracies in readings 
are caused by the electrodes becom- 
ing contaminated. To avoid errors 
caused by this, the meter is adjusted 
each time before use. Some pills 
provided with the meter are dissolved 
in water to give a solution of known 
pH. The meter is then adjusted to give 
the correct reading. 


droxy! ion content shoots up and so the 
hydrogen ion concentration drops. If 
it drops to 10° gram ions per litre, 
the pH rises to 10. 

But jam manufacturers using the pH 
meter are just interested in the 
quantity of sugar to be added. It is of no 
importance to them that there may be 
10°° grams of hydrogen ions per litre 
of the jam although this is, in fact, the 
information supplied by the meter. The 
meter is used indirectly to follow the 
reaction in the jam vat. 


FORCES 


F a man wishes to shift a boulder, 
he has first to exert a force. When- 
ever a stationary body is set moving, 
it has first to be acted upon by a force. 
When it is in motion, its speed or its 
direction of motion may be changed, 
or it may be brought to rest,. by using a 
force. 

It is quite obvious that not only 
the size but the direction of a force is 
important. In fact, it is impossible to 
consider the effect of a force on a body 
unless the direction of the force is 
known. 


~ 


EQUAL FORCES 


(gm. wt.). This is the force that a 
standard pound or gram ‘weight’ 
would experience under gravity, at 
the Earth’s surface. 

When we hold an object, such as a 
book, in our hands, we are withstand- 
ing the force of gravity. There is a 
force acting between the hands and 
the book that opposes the gravitational 
force. If the two forces cancel each 
other out exactly, the book will stand 
still. If the book were replaced by a 
lump of heavy metal, it might be that 
the hands and arms could not offer a 


a 


Bd 
TL 3 


When each team exerts equal force on the rope, it remains still. 


LARGE FORCE 


SMALLER FORCE 


When one team exerts a bigger force than the other, the rope starts moving. 


ADDITIONAL FORCE 


To stop the movement of the rope, the other team has to exert an extra force. 


The best known force of all is the 
Sorce of gravity. It pulls all bodies on the 
Earth’s Surface towards the centre of 
the Earth. This force gives a body its 
weight. Force can be measured in 
pounds weight (lb. wt.) or grams weight 


sufficiently large opposing force to 
cancel out the force of gravity and the 
lump of metal would drop to the 
ground. 

A similar thing happens in a tug of 
war. If each team is able to exert 


DOWNWARD FORCE 
OF GRAVITY 


UPWARD 
FORCES 


The arms are able to withstand the down- 
ward force exerted by the books by exerting 
an equal and opposite force. They are unable 
to do this when the man is holding a heavy 
box and he has to drop the box. 


identical forces on the rope then 
neither side moves. If one side is 
able to give a bigger pull, then the 
weaker side is overcome and the whole 
team is pulled forward. To stop the 
motion of both teams an extra force 
has to be exerted by the losing side. 
If the winning side were to start 
pulling at an angle to the original 


direction of the rope, then the direction 


of motion of both teams and the rope 
would change. In actual fact, the 
maximum effect is gained by pulling in 
the direction of the rope and not at an 
angle to it. 
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APPLIED _ By C! 


GLASS 


WORKING 


HE jagged ends of glass tubes and 
cracked or broken flasks and 
beakers are amongst the most frequent 
causes of minor accidents in the 
chemical laboratory. In common with 
other kinds of accident, many of these 
can be avoided by a little care and 
forethought. 

The only place for broken or cracked 
glassware is in the waste bin. As well 
as exposing one to the risk of cuts, a 
whole experiment may be ruined if 
a cracked flask breaks. Furthermore, 
if the flask contains a liquid and fails 
while the liquid is hot there is an even 
greater accident risk. 

Pieces of glass tubing have a great 
number of uses in the laboratory. 
One of the most important is the join- 
ing together of the component parts 
of a piece of apparatus. There is a 
great temptation to assemble appara- 
tus hurriedly and in particular to over- 
look the precautions which make glass 
things safe to handle. 

There are several ways of cutting 
glass tubing and of these the safest 
one is probably the easiest method to 
master. It is not haphazard, for the 
pieces can be readily cut to the 
required length. 

The first step is to make a fairly 
deep scratch on the tubing at the point 
where it is to be cut. This scratch 
mark can be made by drawing a 
triangular file smartly across the tube 
a few times. The purpose of making 
the scratch is to start a crack which 
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will run around the tube. (The file 
should not be used to ‘saw’ through 
the tube). 

The tube is then picked up and held 
in both hands — one on either side of 
the scratch. The thumbs are placed 
fairly close together on the side of 
the tube opposite to the scratch. By 
applying a little pressure with the 
thumbs and pulling back with the 
fingers it should be possible to break 
the tube quite clearly at the scratch 
mark. If the first attempt is not 
successful the file should be used 
again to make the scratch a little 
deeper. The application of great force 
is unnecessary and dangerous — it is 
only likely to cause jagged breaks in 
the tube. 

Even though this method produces 
clean straight cuts across the glass 
tube, the edges of the cuts are quite 


Four stages in cutting a glass tube. (7) 
A mark is scratched on the tube where it is to 
be cut. (2) The tube is broken at the file 
mark by pressing with the thumbs. 


sharp, so if accidents are to be avoided, 
these edges should be smoothed off 
before the tube is used. 

This is done by holding the tube so 
that the sharp edge is in the outer 
cone of a hot Bunsen flame for a few 
minutes. In this way the tip of the 
glass tube melts slightly and the 
sharp edge disappears. Except with 
small diameter tubes it is as well 
to rotate the tube in the edge of the 
flame. This ensures that all points 
on the rim of the cut are heated 
uniformly and saves the end of the 
tube from becoming twisted or bent. 

Once the end of the tube has been 
rounded, it should be set aside to 
cool. It is as well to have a metal 
gauze or asbestos mat to hand, so 
that pieces of hot glass can be laid 
on it. Furthermore, care should be 
taken to ensure that the hot area 
has cooled before the tube is picked 
up and pushed through the hole in 
a cork. 


Four stages in bending a glass tube. (1) The tube is softened by holding it in the top of 
a hot Bunsen burner flame. The tube is rolled between the thumbs and first fingers and moved 
horizontally through the flame. (2) When the flame becomes yellow the tube 1s almost ready 


2. TUBE ALMOST HOT 
ENOUGH TO BEND 


(3) Provided the scratch was deep enough and only slight pressure was used, a clean cut is obtained. However, the cut edges of the tube are 
sharp. (4) Finally the cut edges are rounded off in the side of a hot Bunsen burner flame. 


Making Bends 

Bent tubes are frequently needed 
when a piece of apparatus is being 
assembled, and if the bends are to 
stand up to the rigours of extended 
use, it is essential that they are made 
correctly. By heating the tube in a hot 
flame, the glass is softened sufficiently 
for the tube to be bent. The beginner 
often tends to be in too much of a 
hurry to complete these apparently 
simple tasks, and in his eagerness 
makes bends which are too sharp 
and will soon break. 

The secret of making good smooth 
bends is to soften the tube for an 
inch or more on either side of the 
point where the bend is to be. If 
only a small section of the tube is 
heated a sharp bend is obtained. Not 
only does the shape of this type of 
bend restrict the flow of fluid through 
it, it is also a point of weakness in the 
tube. 

Irrespective of the final lengths 
of the limbs of the bend, the tubing 


used should be at least .six inches 
long to start with. The tubing is 
supported at each end by the thumb 
and first finger. This grip enables the 
tubing to be rolled round as it is 
being heated, so heating the whole 
surface evenly. The tubing should be 
held in the top of the flame — special 
‘batswing’ burners are best for this 
work as they spread the flame along 


|. LUBRICATING TUBE 
WITH WATER 


Passing glass tubing through a hole in a cork 
can also lead to accidents. These can be 
avoided if the hole is the correct size and if 
the tube 1s lubricated with water (1). While 
the cork is held in one hand, the tube ts 
‘screwed into the hole. The tube should be 
held near the end which is being inserted (2). 


to bend. (3) After further heating the middle of the tube is red and difficult to roll. The tube 
is taken from the flame and the ends bent upwards. (4) Finally, cooling is slowed down by 
passing the bend through a cooler, luminous flame. This is called annealing. 


3. BENDING 
ENDS OF TUBE 
UPWARDS 


4. ANNEALING BEND 
IN COOLER FLAME 


the tube. However, quite satisfactory 
results can be obtained using an 
ordinary Bunsen burner, but in this 
instance the tube has to be moved 
backwards and forwards through the 
flame at the same time as it is being 
rolled between the fingers. 

After a while the flame (which 
should be hot but not roaring) becomes 
yellow. This is a sign that the glass 


2. ‘SCREWING’ TUBE THROUGH 
HOLE IN CORK 


is beginning to soften. However, it 
is not yet ready to bend. Gradually the 
glass becames red hot and difficulty is 
experienced in keeping the tube rolling 
in the flame. This is the signal to start 
bending. The tube should be taken 
out of the flame. The ends of the tube 
are then bent upwards until the re- 
quired angle is obtained between the 
two limbs. 

As there may be uneven stresses in 
the bend, it is as well to anneal it. The 
rate of cooling is slowed down by pas- 
sing it through the cooler luminous 
flame of the burner for a few minutes 
before placing the bend on an asbestos 
mat to cool. 

Finally, after the bend is cool the 
limbs can be cut to length and the 
sharp edges rounded off in the manner 
previously described. 
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GEOLOGY 


OIL GEOLOGY 


BK VERY day millions of gallons of 

fuel oil are needed to power the 
world’s machinery. Without _ this 
supply, motor-cars, aircraft, diesel 
locomotives, many ships and all sorts 
of engines in work-shops and factories 
would be useless. Fuel oils are ob- 
tained from ‘crude oil’ — a mixture of 
organic chemicals formed within the 
Earth’s crust over a period of many 
millions of years. Crude oil also 


aerated waters. Normally their soft 
parts would have been eaten by other 
creatures or broken down by bacteria 
into carbon dioxide and water. In the 
stagnant muds however this was pre- 
vented by the lack of oxygen. Instead, 
only a partial decomposition took 
place by the action of certain kinds 
of bacteria (anaerobic bacteria) which 
can survive without free oxygen. The 
anaerobic bacteria obtained the 


Oil does not exist under the ground as pools of liquid. Instead, it is dispersed as droplets 
between grains of sediment. When an oil-well is first drilled, the pressure of water and 
natural gas within the oil-bearing rock drives these droplets into the bottom of the well. 
Usually the pressure is even great enough to force the oil upwards all the way to the 
surface. A spectacular example of this condition is the ‘gusher’ —a violent upsurge of 
crude petroleum which may occur if care is not taken to control a new well with 
suitable pressure valves. “ee 

No matter how great the natural pressure first was in an oilfield, it steadily becomes 
less and less. Oil accumulating at the bottom of the well is no longer driven to the 
surface but has to be pumped up mechanically or artificially forced up by driving down 


pressurized gas. In the very last stage of an oilfield’s history, water and sometimes gas, 


is M 
wel 
wells and so recovered. 


provides Man with a source of natural 
gas, paraffins, alcohols and ketones — 
all important raw materials for the 
manufacture of a whole host of chemi- 
cals including plastics. 

Almost certainly crude oil was 
formed from the remains of millions of 
minute animals and plants that drifted 
in the surface waters of ancient seas. 
When these organisms died, their re- 
mains sank down into deep, un- 


The remains of minute animals and plants accumulated in the muds 


of stagnant waters. 


Inset. Microscopic view of the minute organisms. 


ected under pressure into the oil-bearing sands between the actual oil-producing 
s. The residue of oil left between the grains of sediment is artificially driven into the 


oxygen they needed from the dead 
tissues and left behind a mixture of 
organic chemicals rich in hydrogen 
and carbon — ‘erude oil’. A similar 
first stage of oil formation is taking 
place today in the Black Sea and 
Caspian Sea. Sediments dredged up 
from the stagnant waters are already 
rich in certain hydrocarbons. Over 
millions of years, however, further 
chemical and bacterial reactions take 


‘Fault’ trap. By move- 
ment along the fracture 
in the rocks, oil in 
porous sediment is ; 
brought against anim- 


pervious layer, and 
cannot escape. 
ie se — i 


place, probably influenced by the in- 
crease of temperature and pressure 
caused by the weight of overlying 
rocks. 

Really the formation of oil is very 
similar to the formation of coal. The 
difference in composition of the two 
fuels is thought to be due only to 
differences in the nature of the or- 
ganisms from which they are formed. 
Coal is derived in the main from land 
plants very rich in carbon; oil is 
thought to be produced from the re- 
mains of tiny floating animals and 
plants which contain a high propor- 
tion of hydrogen in their fats, waxes 
and resins. 

Most oil today is taken from marine 
deposits of less than 150 million years 
of age. The oil-bearing rocks of the 
U.S.A. are between 250 and 450 mil- 


Pressures which fold the rocks and the weight of overlying sediments, 
Sorced the oil upwards through porous rocks. 

Inset. Section of an oil-bearing sandstone; the oil can move in the 
space between the grains of sediment. 


‘Stratigraphic’ trap. 
New sediments de- 
posited on the weath- 
ered surface of older 
folded rocks have acted 
as a trap rock for the oil. 


lion vears old. No oil is yet known from 
Cambrian and Pre-Cambrian sedi- 
ments — rocks more than 450 million 
years old. 


in otl-bearing rock becomes low, oil 1s no 
longer driven from the sediment to the wells. 
An artificial pressure 1s made by driving gas 
and water into the owl-bearing rock. 


Oilfields 

The weight of overlying rocks or 
the pressures set up within the crust 
of the Earth finally squeezed the 
droplets of crude oil from the muds 
and silts (source rocks) where they 
formed. Hydrocarbons making up 
crude oil are light, buoyant substances 
that rise easily through the water in 
overlying sediments. They may even- 
tually seep out on to the Earth’s sur- 
face and be lost. When an oilfield is 
formed, the crude oil is prevented 
from escaping by a layer of rock 
through which it cannot penetrate. 
Layers of shale, salt, gypsum and 
fine-grained limestones act in this 


way. The oil droplets then become 
‘trapped’ by the so-called cap-rock 
and they can go on accumulating only 
in the more porous rocks underneath 
(reservoir rocks). 

The presence of an oilfield may be 
indicated by seepage of a little of the 
crude oil on to the surface or by the 
escape of associated natural gas. In 
other cases, however, a full geological 
survey may be necessary. Geologists 
map the rocks in the area under in- 
vestigation to discover what sort of 
structures have been developed and, if 
possible, what types of rock lie beneath 
the surface. Aerial photographs are 
often very useful in showing structures 
not obviously noticeable on the 
ground. The increasing demand for 
oil has led to the exploration of 
swamps, jungles and sea-floors where 
it is impossible to study the actual 
rocks themselves. Several techniques 


have consequently been developed to 
solve this problem. They all depend 
on the variation in properties of 
different rock types. 

The seismic method involves creat- 
ing an artificial earthquake with ex- 
plosives. The speeds of the resulting 
shock waves are recorded at stations 
situated at different distances from 
the explosion. As the speeds depend 
upon the types of rocks through which 
the waves pass, knowledge of the 
underlying rocks and their depths is 
obtained. Some of the shock waves 
bounce off the surface between the 
different types of rock and are re- 
flected back to the Earth’s surface. 
This gives an alternative use for the 
seismic method; from the time taken 
for the reflected wave to complete its 
journey, the depth of the reflecting 
layer can be estimated and more in- 
formation about the structure of the 
rocks obtained. With the gravimetric 
method, slight differences in the 
attraction due to gravity at the Earth’s 
surface are measured. The differences 
depend on the densities of the type of 
rocks underneath. Finally, the mag- 
netic method relates the intensity and 
direction of the Earth’s magnetic field 
at a given point with the known mag- 
netic properties of the different rock 
types. An estimation of what sorts of 
rock lie directly under the surface is 
then possible. Unfortunately there is 
as yet no method of accurately locating 
oilfields. The techniques of discovery 
used today can only inform the mining 
engineers of the whereabouts of the 
most likely places. Drilling alone 
proves whether oil is present or not. 


A use of the seismic method in oil exploration. Shock waves caused by an explosion are 
reflected back to the ground from the surfaces between different types of rock. In the picture 
an anticlinal structure has been discovered. 


Sunlight streaming in through a hole hits the lens. Some is reflected by the lens and some by 
the mirror underneath. Looking down on the lens, Newton could see a central black spot, 
surrounded by rings coloured with the colours of the rainbow. Newton realized that this had 
happened because the beam had been divided into two parts. But since he did not believe that 
light was a kind of wave, he could not ascribe the effect to interference. 


OPTICS 


SIR ISAAC NEWTON showed that 

‘white light’, daylight, or the 
light from a lamp is really composed 
of light of a number of different 
colours. White light can be split up by 
a prism into these colours, because the 
light of each different colour travels 
at a slightly different speed through 
the prism. They are bent or refracted 
by differing amounts, so, when the 
beam of light is focused on to a screen, 
each of the different colours arrives 
at a different place. The band of 
colours is called the spectrum. 

In later experiments, Newton found 
different ways of producing the spec- 
trum. He put a lens from a large tele- 
scope on top ofa flat sheet of glass. The 
lens was illuminated by light from the 
Sun and Newton was investigating the 
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sunlight reflected by the lens and glass. 
Looking down at the lens, Newton 
saw all the colours of the spectrum, 


A beam of light of one colour (one 
wavelength) hits the lens, and passes 
through the first surface of the lens, 
and strikes the curved surface. 


sal 


RAY 
OF LIGHT 
LENS 
I AIR SPACE 
TaeRaAS 
Ss MIRROR 


WHITE LIGHT 
RINGS 


DARK 
CENTRE 


Newton’s Rings appear as circles uf the 
observer is directly above the lens. With 
white light, they are coloured. 


WHITE LIGHT 
(SUNLIGHT) 


COLOURED RINGS 


Some of the light is reflected by the lens and 
some by the mirror. Waves of light travel 
slightly different distances, so become ‘out 
of step’. Each colour of light has its own 
wavelength, so becomes out of step at a 


different place. 


arranged in concentric rings around 
the centre of the lens. The colours 
were sharp near the centre, but they 
became fuzzier nearer the edges. ‘The 
circular spectra had been produced 
by separating white light from the 
lamp into its different colours, but 
this had been done in an entirely 
different way from the splitting of light 
in a prism. 


Part of it is reflected to hit the eye from 
the curved surface. But some goes on to 
hit the flat mirror surface. 
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If light of one colour is used, the dark rings 


become more distinct. The distance between 
then depends on the wavelength. 


The process by which the colours 
had been apparently separated is 
called interference. Between the lens 
and the flat glass, the beam of light 
had been divided into two definite 
parts. One part was reflected at the 
lower surface of the lens (this was a 
gently curved surface). The other had 
not been reflected at this surface, but 
had passed through the tiny bit of 
air space between lens and flat glass, 
and had been reflected by the flat 
glass. Both beams were reflected back 
towards the eye. Where they met in 
the lens, they had interfered with one 
another. 

Interference can cause patterns of 
light and darkness because of the 
peculiar nature of light. Light is a 
kind of wave-motion. A ray of light is 
a beam of electromagnetic waves, 
vibrating up and down and to and fro 
about a thousand million million times 
a second. Trough follows crest rapidly. 
If the crest of one beam coincides with 


Where the two parts of the wave com- 
bine, they interfere with each other. 
These two waves are in step, so inter- 
fere constructively. 


the trough of another beam, it fills it 
in, and both beams are cancelled out, 
or have interfered destructively. But a 
crest coinciding with another crest 
reinforces it. Definite light and dark 
patches are formed. 

An essential feature of the Newton’s 
Rings experiment is that both the 
beams of light come from the same 
source. Then, when the light leaves the 
source all the crests occur at the same 
time and all the troughs occur at the 
same time. But the beam which goes 
on straight through the lens and is 
reflected by the flat glass travels an 
extra distance. When it rejoins the 
other light beam it is out of step with it. 
The amount it is out of step depends on 
the extra distance it has travelled, 
so that all the beams arriving at points 
the same distance from the central axis 
of the lens will arrive in the same 
state. If they are half a wave out of 
step, crest cancels trough, so all points 
where the extra distance travelled has 
made them half a wavelength out of 
step are dark. The points all lie on a 


Ata different part of the lens, the two 
parts interfere destructively. They are 
a complete wavelength out of step. 


circle. 

Newton’s experiment was complica- 
ted because he used white light, a 
mixture of light of different wave- 
lengths. Even if the extra distance 
travelled means that light of one 
colour (one wavelength) is exactly 
half a wave out of step, the other 
colours are not exactly half a wave out 
of step. Only one colour is half'a wave 
out of step at a time. If, for example, 
this colour is red, the light appears 
blue (i.e. the appearance of a beam 
of white light with the red part 
removed). 

The rings can be seen much better 
when, instead of white light, mono- 
chromatic, or one-colour light is used. A 
convenient source is a Bunsen burner 
flame with a piece of paper soaked in 
brine wrapped round it. The brine 
contains sodium (common salt is 
sodium chloride) and the flame is a 
bright sodium yellow. 

In this light, the rings are bright 
yellow, separated by sharp dark rings. 
Waves of yellow light, when exactly in 
step, produce bright rings. When they 
are exactly out of step, they produce 
dark rings. There are no other colours 
to complicate matters and ‘fuzz’ the 


fringes. Interference effects like New- 


ton’s rings are not just scientific 


curiosities. Among other things they 
_ are used for measuring distances very 


accurately, and for checking the 


~ smoothness of metal surfaces. Also, 


the wavelength of the light can be 


_ found by measuring the distance 
_ between neighbouring rings. 
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Mowement 


PLANTS 


NYONE who keeps plants on a 
window sill knows that they 
move. The shoots bend over towards 
the light and the pots must be turned 
round. Next day, however, the shoots 
are again bent towards the window. 
The stems are reacting to a stimulus — 
the stimulus of light in this example. 
Such bending responses are called 
tropisms. Because the stem bends to- 
wards the light it is said to be positively 
phototropic. 
When seeds are sown, no matter 
what way up they fall, the shoot will 


Oat seedlings are commonly used in 
growth experiments. This experiment 
shows, by covering or removing the 
tip, that the latter controls movement. 
Only the normal seedling bends over 
towards the light. 


grow upwards and the young root 
downwards. This can easily be seen if 
bean seeds are germinated in a jar. The 
root and stem are reacting to the 
stimulus of gravity. Main roots are 
positively geotropic and grow down in the 
direction of the force of gravity. Main 
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shoots are negatively geotropic and grow 
upwards. These responses are very 
important, for the main functions of 
the root are to anchor the plant and to 
absorb water and dissolved salts, while 
the stem serves to display the leaves 
and flowers to the Sun. 

Light, gravity and water are the 
three main stimuli to which plants 
respond. Water has little effect upon 
stems but its unequal distribution in 
the soil can have a strong effect upon 
roots. In fact, the response to water 
can outweigh the response to gravity. 
This can be demonstrated very well by 
the following experiment. 

A piece of wire gauze is fitted 
into a light-proof box and arranged 
as shown in the illustration. Soil is 
added and kept moist and suitable 
seeds (e.g. peas) are sown in it. The 
young roots grow down under the 
influence of gravity and go through 


Young seedlings in full light are normal. 
spindly. When illuminat 


the gauze. If the whole arrangement 
is removed from the box, or if a win- 
dow is cut in it, the behaviour of the 
roots can be seen. Those on the sloping 
part react to the water stimulus on one 
side and grow back into the soil — thus 
ignoring the effect of gravity. Roots in 
the central part however do not ex- 
perience the unequal distribution of 
waterp,and continue to grow down- 
wards.“ Bhe box must be light-proof 
or it couldjbe argued that light was 
causing th@\roots to re-enter the 
soil. 
How bending movements take 
place 

When a stem of root grows in a 


The sundew is an insect-catching plant. The 
leaves fold over when stimulated by an insect. 


curve, the outside of the curve must 
grow more quickly than the inside. 
This response develops just behind the 
tip (in the zone of elongation). It is the 
actual tip, however, that is sensitive to 
the stimulus and controls the response. 
If the tip is removed, there is no 
response. However, if the tip is then 
replaced, a response is noted. The tip 
of the root or stem produces a sub- 
stance that diffuses back and controls 


hose grown in the dark are elongated and 


from one side, the shoots bend over towards the light. 


elongation. This growth substance has 
been isolated and is called auxin. 

It is now generally accepted that 
growth curves develop as a result of 
unequal distribution of auxin. Experi- 
ment has shown that more growth sub- 
stance is produced in the shaded side 
of a stem tip than in the illuminated 
side and that this leads to greater 
growth on the shaded side. The stem 
then curves towards the light. 

In a horizontal stem tip, more 
growth substance accumulates on the 
lower side. Growth is more rapid on 
this side and the stem curves upwards. 
In a stem, more auxin promotes 
growth. Roots, however, are exactly 
opposite. The accumulation of growth 
substance in the lower side checks 
growth and the upper side lengthens 
more rapidly: the root bends down- 
wards. 

How the unequal distribution of 
growth substance comes about is still 
disputed. It has been suggested that 
the effect of light destroys the auxin. 
This would explain why fully illumi- 
nated plants are shorter than those 
grown in the dark. Another suggestion 
is that tiny electric currents are res- 
ponsible for transporting the auxin. 
Gravity may be involved in the 
accumulation of auxin in the lower 
parts of shoots but none of these ex- 
planations fits all the evidence and 
more work is required to solve prob- 
lems. 

Sleep Movements (Nastic 
Movements) 
Many flowers can be made to close 


LIGHT 


AUXIN 


AUXIN 


The tip of an oat-seedling is removed and placed on two gelatin 
blocks. When illuminated from one side, more growth sub- 
stance collects in the dark side. If the blocks of gelatin are put 
on the cut shoots they produce bending even in the dark. This 


SEEDLINGS ON 
CLINOSTAT 


Experiments to show the 
effect of gravity 


In order to show that the plants are 
definitely responding to gravity we 
must have some means of avoiding its 
effect in a control experiment. This is 
done by using a machine called a clino- 
stat. It is a turntable, driven by clock- 
work or electricity, on which plants or 
small pots can be fixed. If it is rotated 
about a horizontal axis, the effect of 
gravity will be the same on all sides 
and the result is the same as if there 
were no gravitational force. Young 
seedlings are the best for demonstrat- 
ing these effects for they grow quickly 
and respond rapidly to stimuli. If some 
are fixed to the clinostat in a jar as 
shown and others are left in a fixed 
position, the effects will soon be seen. 
The stationary seedlings bend upwards 
at the shoot and downwards at the 
root. Those on the clinostat remain 
horizontal. This experiment should be 
carried out in total darkness or in full 
light because light can interfere with 
the effect of gravity, if it is not equal 
on all sides. 


STATIONAR 
SEEDLINGS 
SHOW 
BENDING 
RESPONSES 


up by exposing them to lower tem- 
peratures or by reducing the amount 
of light. The daily rhythm of some 
flowers is, however, internal and the 
rhythmic opening and closing takes 
place even in total darkness. Similar 


BENDING 


proves that bending is due to some chemical agency. The 
amount of bending depends on the amount of auxin in the 


blocks. 


ROOT HAIR 
REGION 


ZONE OF 
ELONGATION 
WHERE CELLS 


ROOT TIP 


ROOT CAP 


Plant Growth 


The tips of roots and stems are the 
actual sites of cell division. Here, 


masses of tiny new cells are formed. 
A short way behind the tip these cells 
begin to enlarge. This is the zone of 
elongation where most of the growth 


takes place. That growth occurs mainly 
in this region can be shown by marking 
a root with dye. The divisions become 
separated most rapidly just behind the 
tip: Growth substances produced at 
the tip control the rate of elongation of 
the cells. 


rhythms are known in some leaves, 
Mimosa, for example. Auxin does not 
seem to be concerned in these move- 
ments. The mimosa leaves collapse 
because water is removed from some of 
the cells. 


MOIST SOIL 


No matter what way up a seed is sown, the root goes down and 
the stem up. However, in the right-hand picture, the effect of 
moisture-overcomes the effect of gravity and the roots curve 
back into the soil. 
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PHYSICAL CHEMISTRY 


CLOCK REACTION 


ANY chemical reactions, particu- 
larly those between solutions of 
inorganic compounds which ionize, 
take place so quickly that there is 
a tendency to regard almost all chemi- 
cal reactions as instantaneous. For 
instance, the reaction between solu- 
tions of silver nitrate and potassium 


FIRST REACTION - SLOW 
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Mechanism of the Clock Reaction 


WATER 


lp a H7SO3 + H,0 = 


chromate is so rapid that the brick-red 
precipitate of silver chromate has 
started to form even before the last 
drops of silver nitrate solution have 
been added. 

However, all chemical reactions 
take some time. With some the rate 
of reaction is so great that it is virtually 


oF 
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HYDRIODIC 
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SULPHURIC ACID 


3H7SO4 + HI 


SULPHURIC ACID 


H7SO4 + 2HI 


HYDRIODIC ACID 


The chemical changes which occur are a little complicated but it seems likely that 
there are at least three separate reactions taking place one after the other. The reactions 
are carried out in weakly acid solution so the sodium sulphite and potassium iodate 


readily yield sulphurous acid and iodic acid. 


First, the two acids react with one another — sulphurous acid (H,SO,) is oxidized to 
sulphuric acid (H,SO,) while the iodic acid (HIO,) is reduced to hydriodic acid (HI). This 


reaction is quite slow. The hydriodic acid then reacts with iodic acid to give free iodine; 
but as soon as the iodine is liberated, it oxidizes the sulphurous acid, to sulphuric acid, 
the iodine being reduced to hydriodic acid. These two reactions are very fast. While 
sulphurous acid remains, every molecule of iodine is used up as soon as it is formed. But 
when this sulphurous acid is exhausted, the first and last reactions cease and the free 
iodine produced by the second reaction changes the colour of the starch solution. 

By finding the time taken for a constant amount of sodium sulphite to disappear 
completely under varying conditions, it is possible to find the effect of concentration of 
iodic acid (always in excess) on the rate of the first (slow) reaction. The sequence of - 
experiments described could be repeated at different temperatures to find the effect of 


temperature on the rate of reaction. 
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impossible to measure. Other reactions 
go on for days or weeks, and even then 
they may not have gone to completion. 
This is often true of reversible reactions, 
for no sooner have some of the reac- 
tants been used up than the products 
start to produce the original sub- 
stances once again. 

The rate of a reversible reaction 
falls as the original reactants disap- 
pear. At first, while the quantity of 
reactants present is relatively high, 
the rate of formation of the products is 
high. However, as the reactants are 
used up and the different molecules do 
not collide with one another so often, 
the rate of the forward reaction falls. In 
contrast, the rate of the reverse reaction 
rises as more and more of the products 
are formed. As the concentration of 
product molecules rises, the chances of 
them reacting is greater. Eventually a 
condition of equilibrium is reached in 
which the rate of the forward reaction 
is the same as the rate of the reverse 
reaction. Although the composition of 
the reaction mixture remains constant 
(provided external conditions are un- 
changed), the forward and reverse 
reactions continue but at the same 
rate in each direction. 

The branch of chemistry concerned 
with rates of reaction is called chemical 
kinetics. A chemical reaction can only 
occur when molecules or ions of the 
reacting substance collide. Silver 
chromate, for example, is formed only 
when two silver ions coalesce with one 
chromate ion. When there is a high 
concentration of both silver and 
chromate ions there is a greater chance 
of the ions colliding. 

By studying many of the slower re- 
actions, chemists have been able to 
establish that the rate of reaction 
in solution can be increased either 
by increasing the concentration of the 
reactants or raising the temperature of 
the reactants. The effect of these two 
factors is the same, namely to make 
more frequent the collisions between 
the reacting molecules. By increasing 
the pressure of a gas the concentration 
of molecules in a given volume be- 
comes larger. So the rates of gaseous 
reactions depend upon the pressure of 
the reactants as well as the tempera- 
ture. 

But the chemist not only measures 


The Clock Experiment 


Two solutions are prepared. In the 
first, 4-28 gm of potassium iodate are 
dissolved in | litre of distilled water, 
while in the second | -26 gm of sodium 
sulphite are dissolved in 0-06 N sul- 


concentrated acid per litre 
second solution also contains starch. 
50 ml of the sodium sulphite solution 
are measured into each of five large 
conical flasks. 175, 150, 100, 50 and 
0.ml of distilled water are added to the 
five flasks. Then 25 ml of the potassium 
iodate solution are added to the first 
flask so bringing the total volume of 


VOLUME OF IODATE SOLN. (ML) 
VOLUME OF IODATE SOLN. (ML) _ 


TIME TO COLOUR CHANGE (SEC.) 


phuric acid (i.e. containing 1-47 gm __ 
). This 


SPEED OF REACTION 


liquid in it to 250 ml. 

The potassium iodate solution is 
added and immediately a stop watch is 
started. The time taken for the sulphite 
to be used up (i.e. for the free iodine to 
give the solution a blue colour) is 
noted. To obtain sensible results it is 
essential that the two solutions are 
mixed thoroughly as soon as the potas- 
sium iodate solution is added. 

This procedure is repeated with the 
other four flasks; in each instance the 
total volume of liquid in the flask is 
made up to 250 ml by adding 50, 100, 
150 and 200 ml respectively of potas- 
sium iodate solution. 


the rate of various reactions and the 
effect of changes of concentration and 
temperature upon them. He also uses 
the data collected from these experi- 
ments to deduce exactly how the 
reactions have taken place. 

The reaction between sulphurous 
acid and an iodate is a fascinating 
example of a sequence of reactions, 
occupying a quite definite period of 
time which can be measured with a 
stop clock. Free iodine — iodine which 
is not combined with another element 
— is one of the products of this reaction. 
The presence of quite small quantities 
of iodine can be detected by adding 
starch solution to the reacting mix- 
ture. Starch forms a complex deep 
blue compound with iodine so the 
colour change is readily visible. For a 
while, after the reagents have been 
mixed the solution is colourless, then 
it suddenly becomes blue in colour 
showing the release of iodine. 


AS SOON AS THE IODATE SOLUTION 
HAS BEEN ADDED THE STOP-WATCH 
ISSTARTED 


AFTER 5-6 SEC. 
THE SOLUTION 
SUDDENLY 


BECOMES 
BLUE IN COLOUR 


The results of the five experiments can be plotted ona 
graph — the concentration of potassium iodate is given on the 


Typical Results of Clock Reaction 


Volume (ml) | Time Speed 
Na3SO7-2 HO KIO, — Total (Seconds) I 
oa S seconds | 
50 175 _ 250 29-0 0-034 — 
50 250 aloo 
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ECOLOGY 


CONSERVING 
NATURE 


T° many people the expression 
‘Nature Conservation’ means 
putting a fence around some interest- 
ing plant or animal community and 
keeping everyone away. This is rather 
like believing that atomic power can 
be obtained by putting uranium in a 
box and leaving it alone. In both 
cases some sort of management is 
necessary to get the desired results. 

The balance of nature has been 
finely adjusted over millions of years 
and every organism, be it plant or 
animal, depends upon another for 
food, shelter etc. The removal of 
any one will upset the balance and 
affect the whole community. For ex- 
ample, if a fence is erected around a 
rare orchid on the downs, many ani- 
mals will be excluded. The lack of 
nibbling will allow trees to grow and 
shade the orchid. It will then perish. 
This state of affairs has actually been 
reached on some downland since 
rabbits were almost wiped out by 
disease. Trees and shrubs must be 
removed to maintain the open down- 
land. 

Conservation, however, means 
much more than the preservation of 
interesting species. It means conserv- 
ing the whole natural resources of an 
area, regaining and maintaining the 
balance of nature that has been 
largely destroyed by Man’s activities. 

A natural habitat, where a balance 


If there are too 
many animals in an 
area they will eat 
all the available 
food. Plant life 
may be destroyed 
and the region be- 
come barren. Con- 
trolled cropping 
will prevent this. 


has been reached, is stable. Dead 
trees and animals are replaced by 
Nature without any change in the 
general surroundings. Primitive Man 
did not disturb this stability. As a 
hunter he wandered through the 


Nature 
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forests killing animals only here and 
there. Even the early agriculturalists 
did not greatly upset the balance. 
They cleared small areas of forest 
and moved on when the soil was ex- 
hausted. The clearing then filled in 


Where natural controls are absent Man must take over. Here, Conservation Corps volunteers 
are clearing scrub to maintain the downland habitat. 
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naturally. As Man settled down to 
an agricultural life and his numbers 
increased, he cleared more and more 
forest for growing crops and grazing 
his cattle. New balances were set up: 
with the animals preventing the 
growth of trees, grassland became the 
dominant feature. 

For some centuries, all was well, but 
as the human population increased, 
more and more land was taken for 
agriculture. The wild inhabitants were 
concentrated into smaller areas and 
the balance has become truly upset. 
For example, elephants and hippos 
have been concentrated into small 
areas to such an extent that they are 
destroying their habitat. Animals are 
having to be shot in order to conserve 
their surroundings and the animal 
species themselves. There is of course 
strict control over the shooting. It is 
necessary to restrict numbers to the 
maximum that the region can support. 

Another example of the upsetting of 
the balance of nature occurs where 
cattle have displaced native grazing 
animals such as antelope. The native 
animals are usually the most efficient 
in their own surroundings and make 
the best use of resources. Cattle could 
not make such good use of the land. 
Overgrazing resulted and soil erosion 
followed. The balance of nature could 
have been maintained by retaining the 
native animals and ‘cropping’ them 
periodically. This involves shooting 
some animals to maintain the most 
suitable numbers. If numbers become 
too large, the habitat may be destroyed 
and the animals will suffer. If numbers 
are too small, they will not survive. It 
is only by such controlled ‘cropping’ 
of natural resources that Man can 
hope to produce sufficient food. 


[PROPERTIES OF MATTER | 


METALS ARE MADE 


OF GRYSTALS 


HE pattern of a mosaic floor al- 
ways remains clear and distinct 
no matter how much it is polished and 
worn smooth. There are always mark- 
ings showing where one marble tile 
stops and the next one begins. These 
boundaries are easy to see even when 
the neighbouring blocks are of the 
same colour. 

As a piece of metal is made up of 
lots of crystals, like the blocks of 
marble in the mosaic, the surface of 
the metal too would be expected to 
take on the appearance of a mosaic 
and be covered with a lattice work 


Because of this, many people 
wrongly believe that the metals are 
normally quite even and smooth 
throughout — rather like a very rigid 
slab of butter —and definitely non- 
crystalline, and that for some strange 
reason an internal change could take 
place making the metal brittle, so that 
the metal crystallizes, becomes weak 
and breaks. 

There is, in fact, no foundation at 
all for this idea. All solid metals and 
metallic mixtures are crystalline by 
nature. The crystalline nature is not a 
sign of weakness. Some forces acting 


Pouring molten metal into a mould to make a sand casting. The cast metal will later be 


polished, etched and examined microscopncally. 


of patterning wherever one crystal 
borders onto another one. 

But this is very rarely seen. Most 
pieces of metal do not look as though 
they are made up of small crystals. 
A polished silver teapot has a radiant 
sheen, but there are no markings on 
its surface to show that it is crystalline. 
Crystals are usually only seen jutting 
out of the edge of a piece of metal 
when the metal has been snapped in 
two. 


on the metal must have made it snap 
along the boundaries between crystals. 
If the crystals of metal happen to be 
large enough, reflections from the 
exposed crystal faces can be seen. This 
sort of breakage is known as ‘inter- 
crystalline’ failure. It is rather like 
breaking a mosaic pattern. 

The small blocks from which the 
mosaic is made usually remain intact. 
Only the pattern is broken as the 
mosaic shatters at the joints between 


MOLTEN METAL 
BEING POURED 


Cross section of a sand casting mould. 


the blocks. The same thing happens 
when a brittle piece of metal snaps in 
two. The crystals remain intact but 
the structure shatters at the boundar- 
ies between the crystals. More often, 
though, when a metal fractures, the 
crystals themselves break. This is 
known as ‘transcrystalline’ failure. 

Usually crystals of metal are far 
too small to be seen with the naked 
eye. Also, when a metal is polished 
the surface structure is spoiled and 
the metal atoms are spread over the 
surface rather like butter being spread 
over a slice of bread.-This is the reason 
there are no crystals to be seen in the 
surface of a polished silver teapot. 

However, if the surface layer is 
etched away the small crystals can 
be seen clearly by examination under 
an ordinary microscope or, if they are 
very small, under an electron micro- 
scope. First of all, some molten metal 
is allowed to cool and solidify in a 
crucible. Then, when it is cold, a piece 
of metal is cut off and polished with 
fine abrasive till it shines like a mirror. 
The mirror finish is then dissolved 
away with a suitable chemical reagent. 
The crystals are attacked and the 
surface after etching is no longer flat. 
The different surfaces then reflect light 
in different directions causing a con- 
trast. The pattern can be seen quite 
clearly with the microscope. 

The metal consists of a matrix or 
mass of metallic grains. Because the 
solid sample has been cast or poured 
as a liquid into a mould and allowed 
to set, the structure revealed by the 
microscope is known as the ‘as cast’ 
structure. 
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This crystalline structure is one 
of the most important factors in the 
behaviour of the metal and anything 
done to affect that structure, such 
as rolling the metal or heating it 
in a furnace, will affect most of its 
other physical properties. 

What exactly happens when a liquid 
is cooled ? How do the crystals form? 
The liquid metal consists of a mass 
of metal atoms all moving about in- 
dependently, without any relation to 
each other. As the metal cools to its 
freezing point, tiny specks of solid, 
called nuclei appear here and there 
throughout the liquid. These are 
small groups of atoms. There is no 
sort of order about where they start to 
form in the liquid, they are just 
scattered around in it. 

At the instant of joining together 
these atoms give up their indepen- 
dence. They are no longer free to 
wander through the liquid as they 
wish, but have to remain near to the 
rest of the group. 

A three-dimensional framework or 
crystal lattice is building up. This lattice 
is different for each different metal 
and is made up of the metal atoms in a 


Viewing an etched metal surface. Because 
light is reflected differently by each grain 
surface, the different grains show up by 
contrast. 
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DENDRITE IN CROSS SECTIO 


Diagram and cross section of a dendrite. 


regular geometric array. As the metal 
loses heat, more and more atoms give 
up their freedom of movement in the 
liquid to attach themselves to a 
nucleus. The pattern around the 
nuclei grows bigger and bigger as 
more of the liquid solidifies. 

In a cooling liquid metal this pro- 
cess takes place simultaneously at a 
number of points and each little 
lattice block so formed grows out 
to meet its neighbours. 

The atoms do not just build up on 
the nuclei in cubes or blocks, but 
usually grow up into a structure like 
a pine tree. These ‘pine trees’ are 
called dendrites. Sometimes the dendri- 
tes can still be seen in an etched cross 
section of the solidified metal. Then, 
the metal is described as_ being 
dendritic. 

Why has the liquid not crystallized 
out as little cubes which grow bigger 
and bigger? Why these tree-shaped 
structures ? Even if the starting nucleus 
is a cube-shaped cluster of atoms, the 
cube will cool less quickly at the 
corners than in the centre. Because of 


this, growth takes place on the faces 
and then again on the faces of the new 
tiny cubes deposited there. This pro- 
motes a spiky growth. 

Eventually the dendrites grow until 
they are obstructed from further 
growth by collision with _ their 
neighbours. The remaining liquid 
solidifies in the space between them 
and a solid structure is formed. 

Because all the nuclei have started 
at different angles to each other the 
crystals also have grown at different 
angles to each other, and the metal 
does not solidify as one large crystal 
but as lots of small ones. The boundar- 
ies where these ‘crystals’ meet are not 
symmetrical. The tiny crystals are 
usually referred to as grains because 
they have different shapes. The 
boundaries are then called grain 
boundaries. 

So, each grain in the solid metal 
has grown from a single dendrite and 
all the atoms in that grain are 
arranged uniformly. Neighbouring 
grains have the same basic atomic 
or lattice pattern, but they are tilted 
towards each other at all sorts of 
different angles. 


Branches of a dendrite growing out from 
the sides of a cubic nucleus. 


Dendrites seen in the surface of some cast 
antimony (twice life size). 


[MEDICINE | 


BACTERIOLOGISTS AT WORK 


N 1673 Anton Van Leeuwenhoek 
peered through his home-made 
microscope at a droplet of stagnant 
water. To his astonishment the tiny 
globule was filled with thousands of 
minute organisms. Excitedly, the 
Dutchman wrote to the Royal Society 
of London describing these new ‘ani- 
malcules’. He had discovered what are 
today called microbes, bacteria or 


So many people use water from reservoirs 
that the presence of harmful bacteria would 
cause AE Sigs outbreaks of diseas 


simply ‘germs’. 

Bacteria are very small but they 
exist in vast numbers. They live al- 
most everywhere — in air, dust, soil, 
water, on the body surfaces of most 
animals and even inside the body cavi- 
ties. Some are harmful, causing dis- 
ease in Man, and _ attacking his 
animals, food supplies and crops. 
Others — soil-dwelling bacteria — are 
so useful that without them probably 
there could be few other forms of life. 
So important are bacteria to Man, 
that today hundreds of scientists (bac- 
teriologists) are trained to study them. 
Some bacteriologists try to discover 
more about the habits and living 
processes of these tiny organisms. 
Others apply the knowledge already 
gathered by earlier workers. 

Bacteriology is only a specialized 
division of mucrobiology—a_ subject 
which includes the study of all micro- 
scopic organisms. Strictly speaking 
most bacteriologists should be called 
microbiologists, for in the course of 
their work they may also deal with 
microscopic fungi (moulds) and viru- 
ses (organisms so small, that they can- 
not be seen even with an optical 
microscope). 


Bacteria and Medicine 


Bacteria, like viruses, cause a variety 
of unpleasant and dangerous illnesses 


in Man. They are, for instance, res- 
ponsible for typhoid fever, leprosy, 
tuberculosis, cholera, diphtheria, tet- 
anus and plague. The bactereologist is 
of great help to doctors in combating 
and preventing such diseases. By the 
examination under the microscope of 
blood or other samples taken from the 
body, he finds the germs responsible 


for a person’s sickness. 
tion of the bacteria enables 
to prescribe the correct co 
treatment. 

Identification is rarely possible jus 
by examination with the microscope. 
The bacteriologist usually has_ to 
‘cultivate’ the germs. He prepares in a 
dish a mixture of meat extracts and 
mineral salts (a medium) on which they 
grow. The medium is ‘infected’ by a 
few microbes taken from the diseased 
person and kept at body temperature 
so that they can grow. They quickly 
multiply and establish a culture or 
colony. 

The study of such things as the 
shape, size, and colour of the colony 
may be helpful for the bacteriologist 
in his identification but more impor- 
tant however, is that a large supply 
of the pure ‘germ’ is now available 
for experiments. The bacteriologist can 
find out what chemical reactions the 
bacteria cause (e.g. whether they can 


Litmus solution shows whether bacteria can 
Serment certain sugars into acids. Samples of 
gas gwen off in the same process are 
collected in small containers. 


break down fats, what types of sugar 
they can ferment). By injection into 
laboratory animals he can find out 
exactly their effect on living tissues. 
Delicate chemical tests are the best 
means of identifying bacteria, though 
microscopic examination, and know- 
ledge of the symptoms of the sick 
patient may be helpful. 

Prevention of bacterial diseases by 
inoculation is always best. However, 
when ‘germs’ do successfully invade 
the body and cause a disease, remedies 


must be found to assist the body in 


destroying them. Bacteriologists are 
constantly searching for new chemical 
compounds to combat bacteria. It is 
of course important that the chemical 
kills only the bacteria and does no 
extensive damage to the tissues of the 
sick person. Disinfectants which kill 
germs, and antiseptics which prevent 
their activities are easier to find; they 
are chemicals used only on the surface 
f the body. Chemicals used internally 
tack bacteria (antibiotics) must be 


BACILLUS COLI 


AS SEEN UNDER 
THE MICROSCOPE 


BACILLUS COLI — bacteria which live 
harmlessly in Man’s intestine. If they reach 
the body cavity through a perforation in the 
gut, they cause peritonitis and diseases of the 
kidney. Their detection in reservoirs indt- 
cates that the water is contaminated by 
sewage. 


Estimating the number of bacteria in milk. 
The time taken for bacterial action to de- 
colourize the dye, methylene blue, indicates 
whether the number is above normal or not. 


able to function without harm to the 
person, in the complex chemical sur- 
roundings of the body. 

Antibiotics were first used in 1935. 
These were the sulphonamide group of 
compounds. Pencillin, an antibiotic 
extracted from the blue mould Penicil- 
lium was discovered as early as 1928 
but was not used on a large scale 
until 1944. Bacteria which are at first 
destroyed by an antibiotic may even- 
tually build up a resistance to it. It is 
very important therefore, for bac- 
teriologists to continually discover 
new antibiotics to replace those no 
longer of use. 

Bacteria and Public Health 

Harmful, disease-causing bacteria 
live and multiply in filth and so great 
care is taken to dispose of sewage and 
garbage. Sewage is decomposed into 
harmless substances by the use of 
certain oxygen-loving bacteria. The 
process is supervised by trained bac- 
teriologists. The same microbes are 
also being used to break down the dead 
organic matter in rubbish. The result- 
ing material from the process can be 
used as a fertilizer. 

Bacteriologists also supervise the 
storage and treatment of public water 
supplies. If a reservoir serving a large 
town were to become contaminated 
with harmful bacteria, a large-scale 
outbreak of disease —- an epidemic 
would follow. The water thus has to be 
continually examined for its bacterial 
content. As it is very difficult to detect 
harmful bacteria by mere inspection, 


Infecting a solid medium. A platinum loop 
carrying a thin film of bacterta is ‘streaked’ 
on the surface. Solid media can also be in- 
fected by ‘stabbing’? them with a germ- 
coated, platinum needle. 


PLATINUM 
LOOP 
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THROAT SWAB 


the bacteriologist makes cultures of the 
overall bacterial population taken 
from a sample of water. From the 
cultures an estimate of the number of 
bacteria in the whole reservoir can be 
made. If there are more bacteria than 
usual, the bacteriologist will im- 
mediately suspect contamination. 
Contamination of water supplies is 
nearly always caused by seepage of 
sewage and excreta into wells and 
reservoirs. When this happens, a cer- 
tain type of coliform bacteria becomes 
present in the water. Detection of this 
microbe in the cultures immediately 
indicates to the bacteriologist that 
recent pollution has taken place and 
water-supplies must be stopped until 
the water is made safe. Water in 
public swimming baths undergoes 
similar routine checks. 

An outbreak of disease may be 
caused by contamination of food sup- 
plies. ‘Canned’ and pre-packed foods 
may not be used until a long time after 
they have been sealed. It is therefore 
important that they are prepared and 
packed under sterile conditions super- 
vised by bacteriologists. Canteens and 
slaughter-houses are regularly inspec- 
ted for cleanliness, and imported 
foods, particularly meat and eggs, are 
examined by _ bacteriologists for 
presence of harmful microbes. 


Collecting samples of bacteria from mucus 
in the throat. The tongue is held down with 
a flat instrument and a throat-swab inserted 
in the mouth. 


Great precautions are taken in this 
country with milk. It is a food used 
in large quantities especially by babies 
and children. The numerous processes 
milk has to undergo, from the milking 
of a cow to the opening of a milk- 
bottle, give great opportunity for 
bacteria to contaminate it. Some in- 
fections may be caused by the handlers 
of the milk and so bacteriologists en- 
sure no people with contagious diseases 
are employed in dairy work. In the 
past, scarlet fever, diphtheria, tuber- 
culosis and sore throats were transmit- 
ted by people working with milk. 

More frequently, harmful bacteria 
in milk came from the cow itself. 
Tuberculosis and food poisoning are 
important diseases which these micro- 
bes can cause. Inspection of cows has 
largely removed the danger of tuber- 
culosis but milk is still tuberculin- 
tested to ensure it is free from the 
bacteria causing this disease. Past- 
eurized milk is milk that has been kept 
at a temperature of 145°F for not 
less than 30 minutes. This kills the 


Infecting a liquid medium. The cotton-wool 
plugs belonging to the test-tubes must not be 
placed on the bench for fear of contamination. 
The platinum loop is sterilized in a bunsen 
flame. 


harmful bacteria and most other or- 
ganisms in the milk without changing 
the milk’s properties. Pasteurization is 
not however used to make contamina- 
ted milk fit for human consumption — 
it is merely an additional safeguard for 
milk which has already been tested. 
Bacteria in Agriculture 

and Industry 

Some bacteria that live in the soil 
are able to convert nitrogen from the 
air into nitrogen salts — the nitrates. 
Nitrates are essential for the culti- 
vation of crops. The investigation of 
soil samples can show whether the 
correct bacteria are present. Soils 
without these microbes can, if neces- 
sary, be infected from prepared cul- 
tures. Bacteriologists also study the 
whole microscopic population of the 
soil—the effects they have on one 
another and on the crops grown. 

Domestic animals also suffer from 
bacterial diseases and the bacteriolo- 
gist is able to assist the veterinary 
surgeon in the prevention or detection 
of these diseases in much the same 
way as he assists the doctor in the case 
of human illnesses. But cure is an ex- 
pensive task, and animals suffering 
from such diseases are usually des- 
troyed and their remains burned to 
prevent further infection. 

Bacteria and various microscopic 
‘moulds’ produce certain substances 
which enable chemical activities to 
take place. Bacterial diseases, for 
instance, are usually due to the poisons 
which harmful microbes produce in- 


The plug is removed from the tube containing 

bacteria and the cooled loop inserted. A thin 
Silm of liquid carrying the bacteria forms 
inside the loop. 


side the body. Some bacteria produce 
substances however which are not 
only harmless, but may be usefully 
employed in the industrial manufac- 
ture of important goods. Cheeses 
receive their flavour by the action of 
substances produced from a mixture of 
bacteria and moulds. The product of 
another mould is able to ferment sugar 
into citric acid, a substance used on 
a large scale in the preparation of 
fizzy drinks. Lactic acid used in 
medicine and fumaric acid, important 
in making plastics, are also prepared 
by using moulds. The textile, tanning 
and petroleum industries all make use 
of bacteria and moulds to perform cer- 
tain chemical reactions which would 
otherwise be expensive or even impos- 
sible. Many antibiotics (such as peni- 
cillin and streptomycin) are prepared 
from moulds. 

In industrial processes however, the 


The loop is passed belw the surface of the 
prepared liquid medium and rubbed gently 
against the side of the tube to dislodge the 
bacteria. The cotton-wool plugs are re- 
placed. 


bacteriologist has to take great care 
that the physical conditions, in which 
the bacteria or moulds are living, are 
correct. The temperature and atmos- 
phere together with the food provided 
must be carefully controlled. Other- 
wise the minute organisms will die, fail 
to produce the necessary chemicals or 
produce undesirable and even poison- 
ous substances. For instance, if the 
mould which makes citric acid is not 
properly controlled, the poisonous 
oxalic acid will be formed instead. 

A great problem yet to be solved by 
bacteriologists is how industry can 
harness certain bacteria and moulds 
which break down the cellulose of 
wood. Once this tough, indigestible 
substance can be ‘cracked’, Man will 
be able to use the food substances 
inside the woody cells. Logs for in- 
stance could be used to feed our 
stomachs as well as our fires. 


STREPTOCOCCI appear under the microscope as chains (left). The harmful forms 
which cause disease can haemolyse blood (i.e. damage red blood corpuscles allowing the red 
haemoglobin to escape). This test can be used to distinguish them (right). 
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SECONDARY 
LECTRONS 


One energetic electron strikes the metal surface. Four less energetic 
electrons are knocked out. 


ELECTRONS The pulse of light gives its 
energy to an electron. The 
electron knocks out four 


PHOTOCATHODE : 
secondaries. 


SECOND DYNODE - 
MORE POSITIVE THAN 


FIRST Four secondary electrons are 
knocked out by each electron. 


THE NUMBER OF 
ELECTRONS INCREASES 


Between dynodes, the elec- 
RAPIDLY trons are given energy as 
they accelerate in electric 
fields. Finally, the multi- 
plied beam containing over 
a million electrons is col- 
lected at the anode. 


The PHOTO- 
> MULTIPLIER 


N a television camera, the energy of a beam of light is 
given to a beam of electrons. This is done for two main 
reasons. First the light must be represented by a pulse of 
electricity, so that it can eventually cause radio waves 
which can be transmitted. Secondly, the beam of light is 
not very powerful. The television picture is divided into a 
great many small pieces, so the amounts of light involved 
are small. They need amplifying. The photomultiplier 
does the job of first producing the electron beam, and then 
amplifying it. 

A beam of light is made of minute bundles, or photons and 
each of these is capable of knocking an electron com- 
pletely away from a sensitive piece of metal, the photo- 
cathode. The photon transfers its energy to the electron. As 
the electron leaves the photocathode it finds itself in an 
electric field. Electrostatic forces pull the negatively- 
charged electron away from the negatively-charged 
cathode, (like charges repel each other), and give it extra 
energy as the particle is accelerated towards another plate. 

When one electron hits this plate, it knocks several 
electrons away from the plate. The energy of the first 
electron is shared between the second batch of electrons, 
which are known as secondaries. © 

The secondaries are also accelerated by electric fields. 
They are attracted towards another plate (called a dynode), 
more positively charged than the plate from which they 
came and therefore capable of attracting the negatively- 
charged electrons. Again, at this plate, each electron 
releases several more secondary electrons. The electrons travel 
from plate to plate, each time their number being multi- 
plied. If there are 10 plates and each electron releases four 
secondary electrons then by the time the electron beam 
reaches the final plate it consists of about a million elec- 
trons (i.e. 4X 4X4X4X4X4X4X4 X44 electrons). 


Different sizes and shapes of photomultipliers. 


This is the principle of the photomultiplier. Although the 
name means ‘light multiplier’ the beam of light is not 
actually amplified. Only the beam of electrons is amplified. 
The energy of the million or so secondary electrons comes 
from the repeated accelerations in ‘electric fields, so the 
fields must be quite strong. The electric fields are caused by 
differences in voltage between the plates. If the cathode is 


Above: a photomultiplier is used in this instrument for measuring 


‘earthed’ i.e. at zero voltage, the first of the dynodes is street lighting. Below: a cut-away view of the lighting meter. The 
probably at about + 100 volts. The next dynode is at about — per part is the optical system for finding the right field of view. 
100 volts higher than this, i.e. at + 200 volts. The next is at The lower part 1s the actual light-measuring system. 

+300 volts, and so on. The anode, the final plate which 
collects the beam of electrons is at a voltage of over 1,000 
volts. 
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PHOTOMULTIPLIER 


PHOTOCATHODE MESH SCREENS 


This is called the venetian blind structure. Mesh screens are 
needed between the dynodes to induce the electrons to continue 


a 
straight through the tube. The principle is the same. 


| ELECTRONICS | 


Radio and 


Television 


Interference 


DEALLY, radio and television re- 
ceivers should be able to reproduce 
an exact replica of the sound and vision 
that is being produced at the studio. 
The electronic circuits in a radio 
or television set are designed to re- 
convert the electromagnetic waves 
sent out by the transmitter into 
electrical signals that make the loud- 
speaker or cathode ray tube reproduce 
the sound and vision originating in the 
studio. Very often, though, the sound 
or vision is broken into by crackling or 
whistling sounds, or by spots or pat- 
terns on the screen. 

This interference is not generated at 
the broadcasting transmitter. It is 
produced by small unwanted ‘trans- 
mitters’ near the receiver. These 
sources of unwanted radio waves 
might be a light switch, a cut-out 
switch on the heat control of an 
electric iron, or an unsuppressed igni- 
tion system in an engine of a car or 
motor cycle. 

At the broadcasting station, alter- 
nating electric currents pass, to-and- 
fro, in an electronic circuit. This 
circuit feeds into the transmission 
aerial, and the ‘to-and-fro’ currents 
cause electromagnetic waves to be 
sent out, over long distances. When 
they. strike the receiver aerial they 
set up to-and-fro current pulses, iden- 


INTERFERENCE 
CARRIED THROUGH 


ey WIRING 


ey 
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tical in shape, but much smaller than 
those at the transmitter aerial. These 
pulses have a definite frequency—a 
certain number of to-and-fro move- 
ments pass each second. Broadcasts 
from different stations are made at 
their own definite frequencies, and the 
receiver is tuned so that only signals of 
one definite frequency are picked up 
and amplified. 

Almost all pieces of electrical equip- 
ment are possible sources of electrical 
interference. Just as trains of electrical 
pulses deliberately fed to an aerial can 
send out electromagnetic waves 
through the atmosphere, so can any 
circuit where there is a_to-and-fro 
movement of electrons. Whenever 
there is a forward and backward 
movement of electrons in the conduc- 
tor, some of the energy of the electrons 
is converted into radiation. The radia- 
tion is set out from the conductor just 
as radio waves are set out from the 
aerial. 

If the frequency of these waves is 
the same as the frequency of the 
waves sent out by a_ transmitter 
aerial, then the receiver will have 
no way of telling which is the wanted 
and which is the unwanted signal. So 
the receiver picks up and amplifies 
the two signals, the unwanted and the 
wanted ones, together. The unwanted 


one appears as interference on the 
screen or in the loudspeaker. 

There are two distinct principal 
types of electrical interference that 
are met in practice. The first is caused 
by radio waves of an unvarying fre- 
quency. These are given out by some 
forms of electrical equipment that use 
electrical oscillators. In these oscillators 
alternating. currents of a definite 
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OSCILLATOR 


‘HERRING 


ERMANIUM BONE 
INTERFERENCE 


frequency are produced. For example, 
in television and radio receivers, radio 
frequency oscillators form an essential 
part of the circuit. Stray oscillations 
from one radio set might play havoc in 
a neighbouring television set. 
Powerful electrical oscillations are 
sometimes used to produce high fre- 
quency currents for heating in indus- 
trial processes. These oscillators, too, 


can be a source of interference. A 
similar form of interference may be 
caused by two radio broadcasting 
stations broadcasting at nearly equal 
frequencies. Then, the two broadcasts 
may be heard at the same time, or the 
two radio signals, when mixed to- 
gether, produce a whistle. In a tele- 
vision set this form of interference 
creates a herring-bone pattern on the 


Some ways that interference may be carried 
to the receiver (a) by direct radiation from 
the source (b) by conduction along the mains 
supply wires (c) radiation from the mains 
supply wires (d) re-radiation from overhead 
wires of pulses picked up. 


screen. 

The other main type of interference 
is caused by the interruption of the 
flow of current in a circuit. This is 
produced, for example, when switches 
and contact breakers are operated. 
Whenever an electric circuit is 
‘opened’ or ‘closed’, back and forth 
oscillations of current are set up in the 
circuit and then gradually die away. 
These oscillations are often not ‘pure’ 
alternating currents of a single fre- 
quency, but a mixture of a large 
number of frequencies. This means 
that the radio waves given out by the 
circuit have a bigger chance of con- 
taining frequencies to which neigh- 
bouring receivers are tuned. 

The sparking plug in a motor car 
produces a series of interference pulses 
like this. Every time a cylinder is fired, 
a spark passes across the electrodes of 
the sparking plug. The circuit is 
‘made’ and broken each time a spark 
passes and a train of high frequency 
pulses passes round the ignition cir- 
cuit. These are transmitted and can 
lead to serious interference, if unsup- 
pressed, in neighbouring television 
sets. When sparking plugs fire there is 
radiation from the spark itself as well 
as from the circuit that ‘feeds’ the 


spark gap. 


sissas ise ae How Interference is Suppressed 


THROUGH MAINS WIRING 2 2 : ose, 
Interference is best suppressed at its source although an interference limiter can be 


put in to stop it at the receiver. At the source, the problem is to stop high frequency 
current pulses that pass around the circuit of the electric drill or sewing machine from 
getting through to the mains. 

Basically, the two components that can be used are inductors and capacitors. An 
inductor, which is simply a coil of wire, has the property of cutting down the flow of 
high frequency current pulses without affecting the low frequency pulses (such as the 


alternating current pulses of the mains supply). If this is placed in series with the appli- 
ance it stops the flow of the interference pulses into the mains. A capacitor has the 
property of allowing high frequency pulses.to pass through and to not allow low fre- 
pres pulses or direct current to pass. If a capacitor is placed in parallel with (i.e. 


CAPACITOR SIDE-TRACKS . 4 2 ‘ s 
PULSES across) the appliance, the offending pulses will be side-tracked away from the mains 
supply leads and not be sent out. 

Suppressor units, which consist of inductors or capacitors, or both, are often placed 


in the main flexes of ‘noisy’ appliances. 
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HE first records of the use of cork 
are found in Greek writings that 
mention its use as fish-net floats. Since 
this time, cork has served Mankind in 
innumerable ways and the demand 
for it is increasing despite many 
advances in the field of plastics. 

Cork is a natural material produced 
by trees as a protective layer. All trees 
produce it to some extent but, com- 
mercially, cork is obtained mainly 
from the Cork Oak (Quercus suber). As 
it is a natural material formed by a 
growing tree, cork is composed of 
cells minute compartments each 
bounded by tough waterproof and 
elastic walls. Every cubic centimetre 
of cork contains about 40 millions of 
these tiny cells. 

The importance of cork arises from 
its elastic cellular structure which gives 
it properties unknown in other materi- 
als. It is impossible to produce such an 
elaborate structure artificially. Ex- 
panded polystyrene is an artificial 
cellular material but the spaces are 
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Stripping and loading cork. The 
far larger than in cork. The tiny cells 
contain nothing but air and _ this 
feature gives cork its extreme light- 
ness (its specific gravity is about 0-2). 
When cork is squeezed, it is the air in 
the cells that is compressed, and the 
cork quickly returns to its normal 
volume when the pressure is released. 
Cork is therefore a very resilient 
material, with excellent cushioning 
ability. 

Cork cells are tightly packed and, 
because of this, cork will not let 
liquids or gases pass through. It is 
thus the ideal material for use as 
stoppers and for sealing joints. Cork 
is resistant to many organic substances 
and is an efficient seal against petrol 
and oil. It finds a large market in the 
manufacture of seals and gaskets for 
petrol pumps and motors. There is, 
however, one important reservation 
to be made about the penetration of 
liquids. Natural cork is traversed by a 
number of small pores (lenticels) that 
allow the inner cells of the bark to 
‘breathe’. To prevent evaporation or 
seepage, bottle corks are always cut so 
that the pores run across them. 


Virgin (left) and Cultivated cork. 
Bottle corks are cut so that the pores 
run across them. 


reddish colour of the stripped tree is typical. 


The cellular structure makes cork 
an ideal material for insulation against 
sound and vibration. The cushioning 
effect is so great that large machinery 
can be erected on cork pads and run 
without transmitting vibrations to the 
rest of the building. Similarly, preci- 
sion machines can be _ cushioned 


The cellular structure of cork highly 
magnified. The elastic-sided cells give cork 
its outstanding properties. 


against incoming vibration. 

A vacuum is the most efficient 
insulator for a hot or a cold body. 
It is not always possible to use a 
vacuum, however, and the next best 
thing is a lining of cork. The cork 
material itself is a poor conductor of 
heat and so is the air in the cells. 
Because the air is confined to these 
tiny cells it cannot circulate and there 
is therefore no great convection of 


bod 


When cork is squashed, the air inside the 
cells 1s compressed. When the weight is 
removed it returns to normal. A rubber 
spreads out under pressure. 


heat. Cork does not absorb water 
like so many other _ insulating 
materials (e.g. felt), and is unaffected 
by many chemicals. This makes it 
even more useful. 

As well as its structural properties 
cork has useful chemical properties. 
The most characteristic and common 
constituent is suberin — a complex mix- 
ture of esters of organic acids. This, 
together with some less common waxy 
materials, is deposited in the cell walls. 
These substances are very resistant to 


chemical action and cork can be used 
as a stopper for a very wide range of 
chemicals. Cork is also tasteless and 
does not affect even the most delicate 
wines. The tough cell walls render 
cork virtually insect-proof. It is also 
very difficult to burn and there is 
little fire-hazard. This is an important 
point with insulating materials. 

The cellular structure of cork makes 
it a valuable material for a wide 
range of uses. However, only about 
half of the cork produced is used in its 
original natural form. Increasing use 
is being made of composition cork which 
is important because it can be moulded 
into the various shapes required by 
industry. 

Composition cork or cork agglomer- 
ate is usually made entirely of cork. To 
make it, natural cork (including off- 
cuts from bottle corks etc.) is shredded 
into small pieces. The size of the 
pieces depends upon the grade of 
agglomerate required. Although the 
cork is shredded, the cellular structure 
is not destroyed, for each cork frag- 
ment still contains thousands of tiny 
cells. The shredded cork goes into a 
mould and is heated until the natural 
resins and other compounds are lique- 
fied and begin to run out. The moulds 
are then cooled and the resins bind 
the cork fragments together. This sort 
of material is used extensively for in- 
sulation boarding, for oil-proof gas- 
kets and for placing underneath heavy 
machinery. The extreme resilience 


Cork can be used as a stopper for many organic liquids that would quickly destroy stoppers 


made from ordinary rubber. 


and strength of cork means that 
damping pads under machinery will 
last for many years without defect. 


The Production of Cork 


Cork is a protective tissue formed to 
some extent in the bark of all trees. 
However, the cork oak tree (Quercus 
suber) is the main source of commercial 
cork. Its cork-producing tissues con- 
tinue to grow year after year and can 
build up a considerable thickness of 
cork. After the cells are formed, the 
corky substances are deposited in the 
walls and the cells then die. The cell 
liquids are withdrawn as the walls 
thicken. Cork cells then contain 
nothing but air. 

The cork oak grows around the 
Mediterranean area but production is 
most intense in Portugal where there 
are large plantations. The first cork is 
removed when the tree is about twenty 
years old. This is virgin cork and is of 
low quality and very furrowed. A 
stripped tree begins to form new cork 
quite quickly — about an eighth of an 
inch per year. The jaws in Portugal 
and most other cork-growing coun- 
tries ensure that a tree is stripped only 
once in nine years. Cork thickness of 
about one inch is obtained each time. 
The second and subsequent strips are 
called cultivated cork. They are fairly 
smooth and uniform but after about 
eighty years the quality falls. Before 
the cork is used it is usually boiled for 
an hour or two. This removes much of 
the tannin. 


Because it is tasteless and harmless, cork can 
be used as a stopper for the finest wines. 


INORGANIC CHEMISTRY 


OXIDATION and REDUCTION 


THIEF creeps into a house to 

steal some jewels. The owner 
wakes up to discover they are missing. 
Two things have happened. The thief 
has escaped with the jewels safely 
tucked in his pocket and their owner is 
bewailing their loss. The two processes 
involved, gaining and losing, go hand 
in hand. It is impossible to have one 
without the other. The thief cannot 


OXIDIZING 
AGENT 


. 
OXIDIZED 


separately but always take place to- 
gether. There is no theft of jewels, but 
electrons are ‘stolen’. They change 
hands and pass from one type of atom 
or ion to another. Something must 
give away the electrons and something 
must receive them. 

When electrons are lost in this 
way the chemical substance which 
gains them is reduced and the loser is 


CHLORINE 
MOLECULE 


\ 


FERRIC 
ONS 


CHLORIDE 
IONS TAKE 
ELECTRONS 
(NEGATIVE 
CHARGE) 


Losing and gaining go together. The burglar takes the jewels and the owner loses them. 
In the same way, reduction and oxidation go together. One substance ‘steals’ electrons 


from another. In this reaction, chlorine is the 


urglar of electrons. It is the oxidizing 


agent and each atom of it robs a ferrous ion of an electron. So the ferrious ion is oxidized 
and becomes a ferric ion with three positive charges on it. The oxidizing agent, chlorine 


is reduced because it gains negative charge. 


acquire the jewels without someone 
else’s losing them and the owner can- 
not really lose them without their 
falling into another person’s hands. 
Just the same is true of oxidation 
and reduction. For similar reasons these 
two processes can never happen 


oxidized. 

The electrons involved are valency 
electrons, electrons from the outer- 
most electron cloud or shell surround- 
ing the atoms. An atom is composed of 
a central ball of material, the nucleus, 
surrounded by layers of electrons. 


Their inner layers are usually full and 
cannot have any more electrons 
packed into them, but apart from the 
rare gases, there are spaces in_ the 
outermost layers. In reacting, the 
atom can either fill these gaps or it can 
lose what few electrons it has in this 
layer. Chemical reactions involve 
valency electrons. When the number 
of electrons in this layer changes, 
then the valency of the substance also 
changes. 

When an oxidizing agent is mixed 
with a green solution of ferrous sul- 
phate, the green colour is lost and the 
solution turns yellowish brown. This is 
a sure sign that this particular salt 
has been oxidized. Instead of being 
ferrous sulphate it is now ferric sul- 
phate. Ferrous (Fe't) ions have be- 
come ferric (Fe ''). The valency of the 
ion changes from 2 to 3. One electron 
has been stolen from each ferrous ion. 
Because one electron with its negative 
charge has been stolen this has the 
same effect as giving the ion an extra 
positive charge. 

When a ferric salt is reduced, just 
the reverse takes place. A reducing 
agent gives a negatively charged elec- 
tron and the ferric ion becomes less 
positively charged and so is converted 
back to a green ferrous ion. 

Because oxidation and reduction 
always happen together, the two 
words can be lumped together into 
one word, redox. When a redox reac- 
tion is described, the complete picture 
of electron gain and electron loss must 
be described. 

But very often a complete picture is 
not required and only tends to cloud 
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the issue. Then, the important bits are 
picked out and expressed as a_half- 
reaction. The oxidation of ferrous 
sulphate can be expressed quite nicely 
ast--- 


Fett 
ferrous ion 


Fett++ =) ts 
ferric ion 


—=> e- 


lost electron 
This shows how the ferrous salt. is 
oxidized without cluttering the equa- 
tion with details of where the electron 
goes. If this information is_ really 
needed it is often better to write 
another half reaction showing the 
‘disappearance’ of the electron. - 

But the name, oxidation, seems to 
have nothing to do with the passage of 
electrons. Oxidation implies that oxy- 
gen is involved and in fact, the term 
was first used to describe a reaction 
in which a substance gained oxygen. 
The gaining of oxygen is still known as 
oxidation. 

When the metal sodium burns in air 
it combines with oxygen to form a 
yellowish substance, sodium peroxide. 
Na,O. The sodium has gained oxygen 
and has been oxidized. 

But a very similar sort of reaction 
can take place without oxygen. 
Sodium will also burn in the greenish 
gas chlorine to form particles of com- 
mon salt, sodium chloride, Na’ Cl, in 
just the same way that it will burn in 
oxygen. In forming this compound 
each atom of sodium has lost its 
valency electron to the chlorine atom. 
Because the reactions were so similar, 
it seemed reasonable to call this an 
oxidation too. The definition of oxi- 


dation therefore was extended to 
reactions where some sort of clectron 
loss was involved. Because the sodium 
has lost its valency electron to the 
chlorine it has been oxidized by the 
chlorine. Because the chlorine has 
gained the electron it has been re- 
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IRON IS OXIDIZED 
IRON LOSES ELECTRONS 
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MOLECULE 
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CHLORINE GAINS ELECTRONS 
CHLORINE IS REDUCED. 


BESSEMER CONVERTER 


The term reduction was first coined 
to mean the opposite of oxidation. A 
substance was reduced whenever it 
lost some of its oxygen. When _ hy- 
drogen is passed over hot copper 
oxide, the hydrogen steals away the 
oxygen and reduces the copper oxide 
to copper. 

The term was further extended to 
take into account the behaviour of 
hydrogen. A substance which gained 
hydrogen was also reduced. Finally 
came the modern definition. ‘To be 
reduced a substance can either lose 
oxygen, gain hydrogen or gain some 
valency electrons. 


* 


T he-ald-definition of oxidation rs simply a 
gain in oxygen. In the Bessemer converter 
impurities in iron are oxidized by blowing 
air through the molten metal. The old 
definition of reduction was simply the loss of 
oxygen. 
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SLUGS and snails are gasteropods 
(stomach foots), a name referring 
to the large fleshy ‘foot’ on which the 
animals move. The gasteropods belong 
to the large group of soft-bodied 
animals called the Mollusca. There is 
usually a coiled shell covering part of 
the body. The shell is in one piece and 
not made up of two valves as in 
cockles. Many gasteropods live in 
the sea and they are commonly found 
on the shore. Examples include 
whelks, limpets and periwinkles. These 
normally breathe by means of feathery 
gills and are able to close the entrance 
of the shell with a horny plate 
(operculum). This plate has first to be 
removed when eating winkles. 

The term ‘snail’ is usually restric- 
ted to shelled gasteropods living on 
land or in fresh water. Apart from a 
few small groups, these have lost the 
gills and breathe with a ‘lung’. Be- 
cause of this they are collectively 
called pulmonates (from the Latin word 
‘pulmo’, meaning lung). The pul- 
monates do not have a horny plate to 
close the shell. Slugs are pulmonates 
that have lost or nearly lost their shells. 
In other respects they are very similar 
to the snails. 
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The slug Testacella (left) 1s carnivorous and feeds on earth- 
worms which it seeks out in the earth. The tiny shell is at the 
hind end of the body which can stretch enormously to negotiate 
the worm burrows. Snails have both male and female organs 
in one individual, but two snails must come together to re- 
produce. The Roman snail above has just laid a mass of eggs 
into the soil surface. Snails often hibernate and close their 
shells with layers of slime that hardens. This is not an 


paws and Snails 


Snails 

The common garden snail (Helix) is 
a typical snail although far from being 
a typical mollusc. If removed from its 
shell, the body shows three regions, 
head, foot and visceral hump. The hump 
contains the large digestive gland and 
some other organs and is spirally 
coiled. It is covered by a thick layer of 
tissue called the mantle. Towards the 
front there is a gap between the body 
and mantle. This is the mantle cavity. In 
the marine gasteropods this cavity 
contains the gills. Gills, however, can 
function only in water and land snails 
have no gills. The roof of the cavity is 
very thin walled and well supplied 
with blood vessels into which oxygen 
from the air can pass. Carbon dioxide 
passes out into the cavity. 

In marine forms the edges of the 
mantle are free but in the lung- 
breathers the edges are attached to the 
body wall except for a small pore. 
When the snail drops and raises its 
body wall air is forced in and out of the 
cavity much as in the mammalian 
lung. Many water snails can be seen 
releasing bubbles of gas at the pond 
surface. They are renewing the air 
supply in the lung. Some water snails, 


however, possess a type of gill. A rather 
strange feature is the opening of the 
anus and excretory duct into the lung. 

Shells vary a great deal in shape and 
size among snails. The shape is largely 
related to habitat. One interesting 
variation, however, is direction of 
coiling. The majority of snails coil 
their hump (and therefore their shell) 
so that, if one looks at the opening of 
the shell it (the opening) is on the rzght 
of the coil. This is a dextral shell. 
Sinistral shells are those that have the 
opening to the left of the coil. The 
central part of the shell is a hollow rod 
called the columella but its opening is 
often covered by the edge of the outer 
whorl. 

The shell is secreted by the mantle 
and is made up of three layers. A thin, 
horny layer on the outside covers two 


The Round-mouthed Snail (Pomatias 
elegans) although it has a lung, is not a 
pulmonate, but is closely related to the 
winkles. It still has an operculum and other 
winkle-like characters. It probably invaded 
land via the sea-shore as some winkles are 
doing today. Pomatias is now common in 
chalk regions. 
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bore through other mollusc shells in 
order to feed on the animals. 

The flat gliding foot is typical of 
gasteropods. In some marine species 
it is covered by tiny hairs (czlia) that 

. help in movement but most species 
OPENING OF move by muscular action. Just under 
COLUMELLA PARTLY CLOSED js 
BY OUTER RIM OF SHELL the surface of the foot there is a layer 

or muscle running lengthwise. Rhyth- 
The inner walls of the spirals of the shell mic contraction of the muscles pro- 
join to form the central columella, which duces undulating waves on the surface. 
is a hollow tube. These waves carry the snail along. 
They are easily seen in pond snails on 
layers of calcium carbonate. The the glass wall of an aquarium or if 
innermost layer is very smooth and land snails are made to crawl up a 
pearly. The need for plenty of calcium __ piece of glass. The slime trail left by 
carbonate (lime) explains the com- _ snails and slugs is a deposit of mucus 
parative rarity of snails on sandy soils, | produced by a large gland near the 
for such soils contain very little lime. | mouth. It lubricates the surface so 
Many snails can live only in chalk and _ that the animal can move smoothly 
limestone regions where there isa high over it. The slime also prevents the 
carbonate content in the soil. foot from drying up. 

The head and the foot merge with 
each other. These are the parts of 
the body that are outside the shell 
when the animal is extended. The 
whole body can, however, be with- 
drawn into the shell when danger 
threatens or when conditions are bad. 
Large muscles attached to the central 
column of the shell contract and pull 
the head and foot in. Land snails have 
two pairs of tentacles on the head. The 
front, smaller pair are thought to be 
concerned with the sense of smell while 
the larger pair carry the eyes at the 
tip. The majority of water snails have — The radula of the snail is a mass of horny 
only one pair of tentacles and their — teeth that is pushed forward to rasp at its 
eyes are at the base of these. Among food. The horny teeth are continuously re- 
land snails each tentacle is hollow and Placed. 
contains a long muscle. When this 
muscle shortens, the tentacles are Slugs 
pulled into the body rather like the 
fingers of a glove can be pulled in. These animals are pulmonates (lung 

Snails feed largely on decaying breathers) like the snails to which they 
vegetation but, especially in damp are closely related. The various groups 
weather, they also damage growing of slugs probably arose from several 
plants. The mouth is just under the snail groups by gradual reduction of 
head and contains a mass of rasping the shell and the coiled visceral hump. 
teeth. This mass of teeth is called The mantle covers part of the body 
the radula. A sheet of tissue is formed —_ and encloses the lung. The shell is very 
inside the mouth and develops numer- small and is usually embedded in the 
ous horny projections (teeth). The mantle where it protects the res- 
sheet grows continuously and so new __ piratory chamber. Some slugs have no 


teeth continuously replace old ones. _ shell at all. 

This is very important for the snail as The sliminess of slugs is caused by a 
the teeth soon get worn down. Some _ glandular secretion which serves to 
gasteropods, for example the whelk, prevent excessive evaporation from 
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shell this is an important factor. Slugs 
are, however, still restricted to moist 
surroundings and are normally noc- 
turnal in habits. Strong sunlight would 
quickly dry them up. Like the snails 
they are omnivorous creatures and. 
because of their large numbers, can do 
much damage in the garden. 


POND SNAIL SHOWING 
OPENING © lal 


STATIC ELECTRICITY 


Capacitors-the Dielectric 


N its simplest form, a capacitor is a 
pair of metal plates, separated 
from each other by a gap. In the kind 
of capacitor normally found attached 
to the tuning knob of a radio receiver 
there are a number of parallel plates 
which can be moved so that they 
intermesh with one another. 

The gap between the plates is im- 
portant because it helps to store the 
electric charge on the capacitor plates. 
In most capacitors the gap is filled 
with an electrical insulator — air (as in 
the radio tuning capacitor), paper, 
mica, or oiled paper. The filling is 
called the dielectric. 

Because the dielectric is an electri- 
cal insulator, it does not let electric 
current pass directly through it. But it 
allows through alternating currents, 
where the electric charge surging on 
to the plates changes direction rapidly. 
Negative charges rush first to one 
plate, then to the other, going around 
the rest of the circuit and not across the 
dielectric. 

Like all matter, the dielectric is 
made up ofatoms. A positively charged 
part in the middle of the atom, the 


CHARGE ON PLATES 
WITHOUT DIELECTRIC 


nucleus, 18 surrounded by negative 
charges, electrons. In an electrical in- 
sulator, electrons are firmly bound to 
the nuclei. Electrons cannot be separa- 
ted from nuclei, unless they are sub- 
jected to very strong electrostatic 
forces. However they can be displaced 
slightly so that one side of the atom is 
slightly positive and the other side is 
slightly negative. 

Near the negatively-charged plate 
of the capacitor the positive nuclei are 
pulled slightly towards the plate, and 
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AMOUNT OF 
POSITIVE 


The positively charged nucleus of an atom ts 
surrounded by negatively-charged electrons. 
The amount of positive charge just balances 
the amount of negative charge, so the atom is 
electrically neutral. 
NEGATIVE 
PLATE 


POSITIVE 


DIELECTRIC RLATE 


ATOM AS A WHOLE 
IS STATIONARY 


<«{o °\> 


ELECTRONS | ff 


MORE CHARGE 
WITH DIELECTRIC 


The dielectric increases the charges on the 
plates because the total charge includes the 
induced charges. It therefore increases the 
capacitance of the capacitor. 


TUNING CAPACITOR 


AIR SPACES - 
AIR IS THE 
DIELECTRIC 


the negative electrons are pushed 
slightly away. The opposite happens 
near the positive plate. Energy is 
used in shifting them, so while they 
are displaced, dielectric atoms are in 
fact storing energy. The energy will 
be released when the charge on the 
plates collapses. 

The capacitor stores electric charge, 
but it also stores energy. Both really 
come to the same thing. 

Some materials are better dielectrics 
than others. Solid substances, for ex- 
ample, have more atoms packed into a 
small space, so there are more atoms 
available to store energy. Dielectric 
properties also depend on the size, 
shape and arrangement of atoms and 
molecules in the substance. When the 
voltage across the dielectric becomes 
too high, its insulating properties may 
break down. 


NEGATIVE 
PLATE 


POSITIVE 
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TRA 
CHARGE 
INDUCED 


CHARGE 
INDUCED 
Charges on the capacitor plates displace the 
charges of the atom. The charged atom 
attracts (induces) more charges on the plates. 


Air and waxed paper are commonly-used 
dielectrics. 


TUBULAR PAPER 
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WAXED PAPER 
DIELECTRIC 


In the early days, the photographer had to 
remove a cap covering the camera lens just 
before he thought the flash powder would 
take fire. 


‘THE days of amateur photographers 

igniting a heap of flash powder 
and hiding underneath a black cloth to 
take the photograph have long passed. 
It was impossible to predict when the 
mixture of magnesium powder and 
oxidizing agents would burst into 
flame with a brilliant white flash. 
Many people were burned by poking 
the mixture because they thought it 
had failed to take light. The photo- 
grapher had to judge when a fuse had 
nearly burned down to the powder and 
remove a cap covering the camera 
lens. When the blaze had died down 
and the photograph was taken, the cap 
would be replaced. The room was 
afterwards filled with a white smoke of 
magnesium oxide and the fire risk with 
this highly inflammable powder was 
tremendous. The flash of light was 
used to produce extra light when it 
was too dim to take a_ successful 
photograph. 

The same idea is used in the photo- 
flash bulb, only all the mess and 
danger of flash powder has been done 
away with. Substances in the bulb are 
burned and give out light. Nothing 


Photoflash bulbs. A good bulb will have 
a blue pe eae When the spot is 


ink, the bulb should not be used. The 
lue-varnished bulb is to be used with 
daylight colour film to compensate for 
ihe rs of the light pro- 
uced. 


PHOTOFLASH 


escapes into the room. The used bulb 
can then be thrown away. The photo- 
grapher no longer has to guess when to 
take the photograph. The camera 
automatically does it for him when 
the room is fully flooded with light. 
Volume for volume, the metal zir- 
conium produces a brighter flash 


PRIMING 
PASTE 


SAFETY 
5 


of light than burning magnesium, and 
so zirconium is now used in most 
modern photo-flash bulbs. The bulb 
itself is made of glass. Ordinary glass 
bulbs tend to shatter when the bulb 
fires. To stop the bulb from breaking 
to pieces it is given two protective 
layers of varnish. 
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RESISTOR 


outer part of the circuit, charging up the capacitor ready for use. 
When it ts completely charged the current stops flowing. 


When the flash bulb is being made, the glass bulb is 
prepared and lacquered first. Then a machine blows the 
correct weight of very fine zirconium wire into the bulb. 

Now, although zirconium burns brightly and quickly 
once it is alight, quite a high temperature is needed to set it 
alight in the first place. So, the bulb must be fitted with an 
igniter mechanism to do this. 

Two electrical contacts outside the bulb are connected 
to a tungsten filament inside, each end of which is coated 
with priming paste. The electrical contacts are held 
steady by a glass bead. 

A blob ofa pink solution of a cobalt salt is dabbed on the 
glass bead. The salt is dissolved in a very volatile solvent 
which rapidly evaporates off leaving the pink salt behind. 
This blob is known as the safety spot. The cobalt salt is pink 
when it is wet, but when dry it is blue. The safety spots of all 
flashbulbs should be blue. If a bulb has a pink safety spot 
it is no longer any use. A fault in the bulb has allowed some 
damp air to enter and change the colour of the spots. 

When the igniter mechanism with its pink safety spot is 
in position the bulb is ready to be pumped free of air. 
Zirconium does burn in air but, to burn completely, the 
metal would need much more than a bulb full of air. It can 
completely burn in a bulb full of oxygen and also burn 
much more brightly. So the air is pumped out and pure dry 
oxygen: is pumped in. While the air is pumped out, taking 


we 


© 99 TIN EHHANAN 


Some eee in making a 
flashbulb. The bulb is coated 
with varnish and the cor- 
rect weight of fine zir- 
conium wire is blown in. 
The igniter mechanism is 
made and the safety spot is 
applied. 
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The inside of a flashgun. 


its moisture with it, the safety spot gradually’ changes 
colour from pink to blue. It remains blue while the oxygen 
is pumped in and the tube finally sealed off. 

Just how does the flashbulb work ? The bulb is connected 
as part of an electrical circuit. When the circuit is com- 
pleted by inserting a flashbulb, a current flows round it. 
This charges a capacitor, but ignition of the bulbs does not 
take place. The bulb can only go off when the condenser 
discharges a pulse of current through it. The current then 
passes through the igniter mechanism in the bulb, entering 
by one lead and crossing to the other lead by means of the 
very thin tungsten wire connecting the two. This thin piece 
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The flashbulb fires when the shutter opens to complete the circutt. 


of tungsten wire offers a very high resistance to the passage 
of current and this can only happen when the shutter is 
opened to take the photograph. Consequently it becomes 
very hot, white hot, in fact. This sets fire to the blobs of 
priming paste on the ends of the leads. The priming paste 
explodes, scattering bits of hot material throughout the 
bulb. The zirconium touching the burning priming paste 
also catches fire and burns in the oxygen to form zirconium 
oxide. The flames move through the zirconium rather like 
a fire moving through a loose heap of straw, lapping along 
one strand and then setting fire to the next. 

This process may take quite a while to describe but it 
certainly does not take long to happen. The brilliant flash 
of light as the zirconium bursts into flame lasts only about a 
hundredth of a second. 

It would be virtually impossible for anyone to time this 
correctly and open the shutter at the correct split second. 
The picture would probably be taken before or after the 
flash, so a synchronizing mechanism is also connected to 
the electrical circuit. 

Exactly how does this circuit operate? Quite a high 
burst of current is needed to trigger off the bulb. Small 
15 volt or 225 volt batteries are used to charge up a capaci- 
tor to get this current. The battery, the socket in which 
the bulb fits and a capacitor are all connected in series (i.e. 
one after the other). Contacts within the shutter of the 
camera are placed in parallel with the capacitor. While the 
shutter is closed and no light enters the camera, no current 
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can flow through the shutter connection. It can only flow 
across this bridge in the circuit when the shutter is open 
and the photograph is being taken. 

The flashbulb is plugged in its socket. A relatively small 
current flows through the filament in the bulb and through 
the capacitor, charging up the capacitor as it does so. 
When the capacitor is fully charged, the current ceases to 
flow. There is then no fear of running down the battery 
by leaving the bulb plugged in through the camera. 

The shutter is then opened to take a picture. Opening 
the shutter touches a contact and completes the circuit 
across the ‘bridge’ and the condenser releases a pulse of 
current which flows through the shutter part of the circuit 
to trigger off the flashbulb. 


This arrangement is quite satisfactory for ordinary 


photography, but not for high speed photographs where 
the shutter would have closed again by the time the bulb 
goes off. Other arrangements are used. 

The light given off by burning zirconium tends to be 
rather more yellow than daylight. To compensate for this 
when daylight colour film is being used, it is possible to 
buy colour bulbs that are coated with blue tinted varnish. 
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PALAEONTOLOGY 


BACK-BONED animals (vertebrates) 

have been in existence for at 
least 400 million years. We know this 
because various bone fragments and 
fish scales have been found preserved 
in rocks of this age. The age of the 
rocks has been determined approxi- 
mately by radioactive dating of asso- 


to reptiles and how the latter gave rise 
to both birds and mammals. All this, 
of course, took many millions of years 
and, for an immense period of time, 
the only back-boned animals were 
various types of fishes. 

How the fishes arose from earlier 
types of animal is not clear. Many 
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Rare discoveries such as this fossil fish help to piece together the story of evolution. 
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A placoderm fish, one of the earliest awed 
ones. There are several pairs of fins. 
placoderms gave rise to both cartilagina 
and the higher bony fishes. 


The first fishes we 
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starfishes. Some 
s group have larvae 
to those of Balanoglossus 
worm-like animal known to be 
related to the vertebrates because it 
has gill slits and other associated 
features. 
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in which the bones supporting 
some of the gills developed into jaws. 
This may seem startling but the illus- 
tration shows that, over a period of 
millions of years, it is not such a remote 
possibility. Placoderms, like the jaw- 
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day species live in the sea but some 
early ones may have lived in fresh 
water. Many shark-like species became 
extinct at the end of the Palaeozoic 
Era but the modern species form a very 
successful group. 

Bony fishes also arose during the 
Devonian Period. There were, from 
the beginning, two groups: the ray- 


y 
s are commonly 


finned fish, which include almost all 
living species, and the lobe-finned fish. 
The latter are represented today by 
three lung-fish and/that very remark- 
able fish — the coelacanth. Coelacanth 
fishes were beli to have been 
extinct for millions of years but in 1938 
one was caught i e Indian Ocean 
off Africa. Several others have since 
been caught. 
The early bon 
well armoured 


shes were quite 
d were rather 
Bichir is a living 
ese early types. 
er, were replaced 
which the heavy 
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pony fishes have an air-bladder above 
the gut. It does not open into the 
throat and is concerned with the 
hydrostatic balance of the fish. There 
are, however, living and fossil fishes 
that show intermediate stages and it 
seems that the air-sacs evolved into 
air-bladders in the ray-finned fishes. 

The lobe-finned fishes were very 
common during the Devonian Period. 
A most important feature was the 
internal opening of the nostrils. This 
meant that they could breathe air. 
They could probably also move about 
on their lobed fins. It is certain that, 
somewhere in this group of fishes, lies 
the ancestor of the amphibians and 
all the land vertebrates. 


The jaws of vertebrates are believed to have arisen from the bones that supported the third pair 
of gills in the earlier jawless fishes. 
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(Left) Detail of the resistance coil of a 
resistance thermometer. (Right) The metal- 
lic sheath cut away to show position of the 
coil. 


MERCURY rises up the glass stem of 


an ordinary mercury-in-glass 
thermometer when the bulb is heated. 
This change occurs because mercury 
expands much more than glass. Other 
physical properties of substances vary 
as the temperature rises. If equal in- 
creases in temperature produce corres- 
ponding equal changes in the property, 
it may be used as a means of measuring 
temperature. As well as changing the 
length or volume of a substance (i.e. 
making it expand), increases in tem- 
perature also alter the current genera- 
ted by a thermocouple or the resistance 
of a wire. 

As electrical resistance can be 
measured rapidly and with a high 
degree of accuracy, the variation of re- 
sistance with temperature may be used 
as the basis of a thermometer. In fact 
platinum resistance thermometers are 
able to measure temperatures over a 
much wider range than the ordinary 
mercury-in-glass thermometers. 

The /iqguid mercury in mercury-in- 
glass thermometers expands when it is 
heated and contracts when it cools. 
However, the range of mercury ther- 
mometers is limited by the tempera- 
tures at which mercury can safely be 
kept liquid, namely from — 35°C to 
+ 350°C. In contrast, platinum re- 
sistance thermometers are satisfactory 
in the range — 250°C to + go00°C. 

The platinum resistance thermo- 
meter consists of two distinct parts — a 
resistance which varies with tempera- 
ture and a Wheatstone Bridge network 
which measures the resistance. The 
resistance coil may be likened to the 


bulb of a mercury-in-glass thermo- 
meter, while the bridge corresponds to 
the stem. 

There is, however, one great differ- 
ence between the two types of thermo- 
meter. With the platinum resistance 
thermometer, the resistance coil and 
the bridge can be a long way apart. 
This is particularly useful for measur- 
ing temperatures in_ inaccessible 
places, or if the temperatures at a 
number of points in a chemical plant 
are to be recorded in a central control 
room. 

The Resistance Coil 

This consists of fine platinum wire 
wound on to a former made of mica (or 
other heat-resistant material). If pos- 
sible the resistance coil should be bare 
since this ensures good contact with 
the substance whose temperature is to 
be measured. However, this is possible 
only if the thermometer is measuring 
the temperature of a clean, non- 
conducting and non-corrosive gas. 
Generally the resistance coil has to be 
protected by a glass or silica sheath 
and there is inevitable delay in the 
thermometer’s response to a change in 
temperature. It may take as long as a 
minute for the element to come to 
thermal equilibrium with the new 
surroundings. 

The thermometer will normally be 
used for measuring temperatures dif- 
ferent from those of the surroundings. 
Therefore, it is inevitable that there 
will be a variation of temperature and 
in consequence resistance along the 
wires joining the resistance coil to 


the Wheatstone Bridge. 


Calibrating the Coil 


As with all thermometers the plati- 
num resistance thermometer has to be 
calibrated (i.e. the temperatures cor- 
responding to various resistances of 
the coil have to be found). In fact cali- 
bration is more important for this type 
of thermometer if it is to work over a 
wide range of temperatures. This is 
because the resistance of platinum 
does not increase at a uniform rate 
when the temperature is raised 
steadily. The variation of resistance 
with temperature is shown. 

As well as measuring the resistance 
of the thermometer at the fundamental 


When resistance thermometers are used in- 
dustrially the change of resistance 1s indi- 
cated by the deflection of the galvanometer 
from its zero position. The galvanometer 
and bridge circuit is included in a single 
unit as shown (above and right). These 
units can be made very compact by using 
printed circuits. 


Allowance is made for this error in 
a simple manner. A second pair of 
wires runs parallel with the first, but 
these terminate at the beginning of the 
coil. Thus the resistance of these com- 
pensating leads is at all times equal to 
the resistance of the leads to the resist- 
ance coil itself. The resistances of the 
two pairs of leads cancel one another 
out, so it is only really the resistance of 
the coil which is measured. 

Platinum is not the only metal used 
in this type of thermometer, though 
platinum ones cover the widest range 
of temperatures. The cost of platinum 
discourages its wider use in resistance 
thermometers, although being one of 
the noble metals it has good corrosion 
resistance. 

Thermometers made of copper and 
nickel are used as less expensive alter- 
natives though their temperature 
range is narrower. Nickel thermo- 
meters will measure temperatures in 
the range —150°C to + 300°C, while 
those made of copper are satisfactory 
between — 200°C and + 120°C. 


fixed points (the melting point of ice 
and the boiling point of water at 
standard atmospheric pressure) it is 
best to measure the resistance at the 
boiling point of sulphur (444-6°C), 

The data from these measurements 
can then be used to calculate the tem- 
peratures corresponding to the various 
resistances measured. If confirmation 
of the calibration is required, the re- 
sistances corresponding to other stan- 
dard temperatures (the secondary fixed 
points) can also be measured. A secon- 
dary fixed point would be chosen so 
that it is within the range of tempera- 
tures the thermometer is measuring. 
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Callendar and Griffiths Bridge 


The resistance of the thermometer is 
measured by the specially modified 
type of Wheatstone Bridge network 
shown.in the diagram. This bridge is set 
up so that there are equal resistances in 
the two upper arms. The compensating 
leads and a range of fixed resistances 
are included in the third arm while the 
thermometer coil itself is '&ccommoda- 
ted in the fourth arm. The slide wire of 
the bridge links these two arms. The 
resistance of the bridge wire is directly 
related to the resistances in the third 
arm. 

By manipulating the resistances in 
the third arm and moving the sliding 
contact along the bridge wire it should 
be possible to make the galvanometer 
reading zero. This indicates that the 
bridge is balanced. As the resistances 
in the two upper arms are equal, the 
resistance in the two lower arms are 
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also equal when the null point has been 
found. Thus the resistance of the resis- 
tance coil and leads equals the total 
resistance of the compensating leads, 
the slide wire and the coils in the third 
arm. 

While the measurement is being 
made, an electric current flows through 
the platinum coil and there is a risk of 
this being heated up slightly. To reduce 
this effect to a minimum, the bridge 
current must be kept small, usually a 
few milliamps (i.e. a few thousandths of 
an amp.). 

If the measurements are being made 
manually it is normal to balance the 
bridge, but in industrial applications 
where measurements are made mech- 
anically the bridge is not balanced. 
Instead the value of the resistance is 
obtained from the deflection of the 
galvanometer from its zero position. 
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BLUE MORPHO 
BUTTERFLY 


AIN forests are found in a belt subsequently become overgrown. But 
centred about the Equator. They for proper rain forest or primary 
grow in the best conditions for plant jungle, it is the very opposite of the 
life that the Earth can provide. The truth. The trees of rain forests have 
equatorial temperature is high all the tall, slender trunks with foliage formed 
year round. The sunlight is bright only at the top. The absence of 
and the rainfall is heavy — between 100 
and 160 inches a year (the average 
rainfall in Britain is only about 43 
As sea is no cold season or 


foliage poaneeett a 
There are three separate rain Torest wie 
areas — South and Central America, 
Central Africa and the Malaysia- 
Indonesia region. Each area has its 
own distinctive types of plants but the 
general appearance of rain forests is 
the same wherever they develop. Rain 
forests spread over immense areas but 
they are not continuous. Mountains, = The lower canopy is bright with the colour 
high plateaux, lakes, swamps, and of birds and butterflies. Most monkeys live 

rivers or just areas where soil is un- —_at this level. 

suitable, prevent them from covering 

the whole of equatorial regions. branches lower on the trunk and the 
Stories told by travellers and ex- very small quantity of undergrowth 
plorers have given the impression that present, makes rain forests easier to 
tropical rain forests are almost walk through than most British wood- 
ple places; and that the air lands. Usually the visibility is good 
underg owth 1s ney enough to see for more than 20 yards. 
i A few fallen leaves and broken 
anches may lie on the ground but 
ath and dampness of the 


with the stench o © 
This may be true for secondar 
—clearings made by Man that have 


ee, 
A section through the rain forests of South America. The forest is divided into three main 
levels — the uppermost level receiving the most light. Many of the trees in the lower layers are 
young plants that have not yet grown to full height. The leaf shapes of rain forest trees are 
very much the same in shape with straight margins and drip-tips. Slight variations are 
noticeable between leaves of different levels; higher leaves are smaller, thicker and more 
leathery than the lower ones; the drip-tips are also shorter at higher levels. The differences 
are related to the variation of light, humidity, etc. The animal life also varies with each layer. 
Right. The floor of the rain forest is gloomy. Many animals come down from the lower 
branches to feed. 


Birds of prey live in the topmost branches. 
A few monkeys climb up during the day to 
look for fruit, but return at might to the 
canopy beneath. Flowers grow high in the 
air using deposits in crevices of the bark 
as soul. 


tropics make decomposition too rapid 
for much dead vegetation to accumu- 
late. 

Rain forests are gloomy places. The 
thick, green foliage overhead shuts 
out most of the light. Even in the 
brightest sunlight only a few sun 
flecks can penetrate to the forest 
floor. This is the reason why so few 
plants can grow near the ground. 
Often the surface is bare enough for 
patches of red, slippery soil to show 
through. 


Character of Rain Forests 
In the forests of Europe and North 
America a few species of tree, or 
even just a single species make up the 
biggest proportion of plant life. These 
woodlands are even referred to by the 
name of the most prominent tree 
—oak forests for instance, and beech 
forests. In rain forests there are usually 
more than 40 species of equally 
abundant trees; sometimes the num- 
ber is as great as 100. One reason for 
this is that though plants in the tropics 
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Rain forests grow in the equatorial regions of the Earth. Only in a few places do they 


penetrate outside the geographic tropics. 


compete with one another for life, the 
warmth, abundant light and rainfall 
mean that there is not the same fight 
against difficult climates. Plants do 
not need to be adapted to meet some 
special condition and so far more 
different types can survive. Another 
reason is that today’s rain forests have 
grown in the same positions for mil- 
lions of years. This enormous length of 
time has enabled a great richness and 
variety of plant life to evolve. 

A second feature of rain forest 
plants is that most of them have tough 
woody material. There are very few 
plants made up entirely of soft tissues 
(herbaceous plants). The jungle rela- 
tives of many. small, herbaceous, 
English plants are colossal trees. Bam- 
boo for instance is a grass and yet it 
has a tough woody stem and grows to 
a height of 60 feet. Members of the 
violet family and the daisy family are 
large trees and a relative of the milk- 
wort is a tough, woody twiner which 
climbs to a height of 200 feet. The 
wood gives support to a plant and en- 
ables it to grow high in the air without 
collapsing. This is necessary in rain 
forests, for overhead foliage is very 
thick. To obtain sufficient light, plants 
have to develop their own leaves as far 
off the ground as possible. Only 
a few shade-loving types can exist 


close to the ground. 

The height of the tallest trees in 
rain forests is usually over 150 feet. 
(The tallest British trees seldom much 
above 100). Two lower tree levels can 


Animal Life 

Each layer of vegetation in rain forests 
supports its own distinctive animal life. 
Birds of prey nest in the top-most 
branches. Just beneath live monkeys 
and brightly coloured birds — parrots, 
toucans, and hornbills. These birds 
with the brilliantly-coloured epiphytic 
flowers and the metallic blues and 
greens of tropical butterflies make the 
tree-tops the most attractive parts of 
the rain forest. Some of the smaller 
tree-top animals develop flaps of skin 
between arms and legs enabling them 
to glide from branch to branch. 

n the ground live small antelopes, 
wild pigs, tapirs, all kinds of lizards and 
snakes and in Africa and Asia occasional 
elephants. Leopards and other cats, 
large apes and frogs move between the 
ground and the lower trees. 

The damp, humid conditions are 
highly suitable for frogs and toads; the 
largest known present-day forms live 
in rain forests. Many are tree-dwellers. — 

Rain forests are also the home of the 
largest living insects. Enormous flies 
and wasps, grotesque grasshoppers and 
huge beetles are among their inhabi- 
tants. The actual number of each 
different type of insect in rain forests 
is so large that it can only be guessed at. 


be recognized in rain forests. One level 
is made of trees approximately 100 
feet high, the other is made of trees 
reaching about 40 or 50 feet. Of course, 
the smaller the tree the smaller the 
quantity of light it receives. 

Not all jungle plants develop tall 
erect stems to reach the light. Many 
of them merely support themselves by 
climbing up the trunks and along the 
branches of other plants. There are 
thus enormous numbers of woody vines 
(lianes) hanging down from the tree 
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tops. These show great variety in the 
methods they use to attach themselves 
to their supports. Some plants (epi- 
phytes) grow permanently in the tree- 
tops of rain forests without their root 
systems connecting them to _ the 
ground. Ferns and flowering plants as 
well as algae, mosses, liverworts and 
lichens live like this. It is the only way 


Rain Forests Soils 

In the tropics, decay is too rapid for 
much humus to accumulate. The ab- 
sence of slowly decomposing organic 
matter means a low quantity of plant 
nutrients in the soil. Yet despite this, 
rain forests form the most luxuriant 
oe of vegetation in the world. 
Why should this be? The answer is that 
though decay takes place very rapidly, 
soluble plant nutrients are neverthe- 
less returned to the earth. The heavy 
rainfall quickly washes them down to 
lower levels of the soil but the absor- 
bent activity of the roots equally 
rapidly takes them back again. 

Plant nutrients of rain forests are 
therefore very much present; they are 
all stored away in the actual living 
vegetation. Some of the soluble nutri- 
ents may of course be completely 
washed from the soil, but this quantity 
is small and is easily made up by addi- 
tional supplies which some very deep 
roots absorb from the parent rock a 
long way beneath the ground. 


they can obtain enough light. The 
‘soil’ necessary to give anchorage and 
provide water and mineral salts is 
made up of the remains of dead plants, 
that do not fall to the floor. Many of 
the plants have special adaptions to 
store water — rather like the cacti of 
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winter. 


The rain forests keep their luxuriant foliage all the year round. 


desert regions. 

Though there are very many types 
of ‘jungle’ trees, the appearance of the 
rain forest is surprisingly monotonous. 
One type of tree is very similar to 
another. They all have tall straight 
trunks with thin, light-coloured bark. 


Branches develop only at the tops of 


the trunk. The leaves are all large, 
leathery and dark green in colour with 
unbroken leaf-edges and a sharply 
pointed end or drip-tip. (The drip-tips 
are excellent adaptations for keeping 
the leaf well drained of water). The 
flowers, which form all the year round, 
are usually small, pale-green or white. 
Buttresses or woody side supports for 
the base of the trunk are common — es- 
pecially in trees which do not have 
deep, strongly-binding roots. Where 


Left, A buttress root developed at the bottom 
of a jungle tree for support. Middle, Stilt 
root — an adaption in trees that grow in 
especially water-logged soils. Right, 
‘Breathing roots’ that push through the 
ground so that they can absorb oxygen. 


BREATHING 
ROOTS - 
PNEUMATOPHORES 


the soil is particularly water-logged 
and therefore poor in air, ‘breathing’ 
roots or pneumatophores grow up out of 
the ground and act as ventilating or- 
gans for the root system. The great 
similarity in appearance of unrelated 
plants is an example of convergent evolu- 
tion; the different plants have been 
adapted to the same conditions by the 
development of similar structures. 
Rain Forests of the Past 

Studies of fossil plants and _ fossil 
soils indicate that the tropical rain 
forests covered larger areas in pre- 
historic times than they do now. 
Probably, for instance, the African 
rain forest stretched eastwards and 
northwards to link up with the rain 
forests in Arabia and India. Subse- 
quently, changes in climate and pos- 
sibly Man’s influence has limited the 
areas they cover. 

Rain forests are known from Creta- 
ceous times, 100 million years ago. 
Study of fossils of this age shows that 
Britain was probably covered in 
jungles greatly resembling those of the 
tropics today. The warm, wet condi- 
tions which existed during later Ter- 
tiary times were also suitable for 
growth of rain forests in Northern 
Europe. 

Though the vegetation of jungles 
seems strange and weird to us who live 
in colder climates, it seems that the 
broad-leaved evergreen tree of the rain 


; forest is the ancestor of most other 


plant types. Many of our temperate 
plants, in fact, still show traces of their 


° tropical origins. 


GRAPH 

IS A STRAIGHT 

20 HORIZONTAL 
LINE 


VELOCITY IN M.P.H. 
Ss 
VELOCITY IN M-P.H. 


$ | 


TIME IN HOURS 


The car travels at a steady 30 miles 
per hour. Its velocity is constant. 
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THE AREA UNDER 
A GRAPH 


HE two important things which 
can be calculated from a graph 

are its slope, or gradient, and the area 
underneath it. The gradient tells how 
quickly the two quantities involved 
on the graph are varying. In other 
words, the rate of change. The slope of a 


The area under a graph of velocity against time always gives 
the distance travelled, even when the line is sloping or curved. The 
branch of mathematics which deals with finding areas under 


graphs is called integral calculus. 


graph of distance against time is the 
rate of change of distance with time — 
i.e. the velocity. The slope of a graph of 
velocity against time gives the rate of 
change of velocity with time — i.e. the 
acceleration. The slope of a graph of 
acceleration against time gives the 


VELOCITY IN M.P.H. 


TIME IN HOURS 


triangle. 


i DECELERATION 
PRODUCES 
DOWNWAR 


TIME IN HOURS 


After one hour. Distance travelled equals 
velocity (30 m.p.h.) multiplied by time (one 
hour), the area of the rectangle. 


rate of change of acceleration with 
time, and so on. The sequence is dis- 
tance — velocity — acceleration — rate of 
change of acceleration. Areas also have 
a sequence, but it goes in the opposite 
direction. The area under a graph of 
rate of change of acceleration against time 
gives the acceleration. The area under a 
graph of acceleration against time gives 
the velocity. The sequence is working 
backwards, for the area under the 
velocity against time graph gives the 
distance travelled. 


30 M.P.H. EQUALS 44 FT/SEC. 


AREA OF TRIANGLE 
= +x 10 x 44 FEET 
= 220 FEET 
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The car decelerates steadily in ten seconds. This time, by com- 
parison, is so short that it is better to change the scales of the graph 
(as in the diagram on the right). The area under the graph is a 
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PHYSICAL CHEMISTRY 


AVOGADRO'S 


HE amount of space taken up by a 
mass of gas molecules depends 
very much on the temperature and 
pressure of the gas. Avogadro’s law is 
concerned with the amount of space 
taken up by different gases when the 
temperature and pressure are not 
allowed to vary but are kept at the 


+368 


Avogadro was puzzled by facts like this. 
Hydrogen burns in an equal volume of 
chlorine to give twice the volume of 
hydrogen chloride. Why? 


| VOLUME IV ME | Vv ce 
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Perhaps the gases were made of small 
units, each occupying the same amount 


of space. One unit of hydrogen would 
combine with one unit of chlorine to 
form one unit of hydrogen chloride. 
There is something wrong here because 
all three volumes would be the same 
and disagree with the experimental 


results. 
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HYDROGEN 


MOLECULE 
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CHLORINE 
MOLECULE 
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: DE 
M LES 
To get the right answer the hydrogen 
and chlorine would both have to be 
linked together in ‘double particles’, 
molecules. 


same value for all the gases under 
consideration. 

Avogadro made an inspired guess, 
which later turned out to be true. 
Because it was only a guess and there 
was at the time no way of proving its 
validity, the statement was called a 
hypothesis, a word meaning a guess. 


Later on when it had been proved 
true, Avogadro’s hypothesis became 
Avogadro’s Law. 

The law states that equal volumes of 
all gases under the same conditions of 
temperature and pressure contain the same 
number of molecules. 

In other words, if the temperature 
and pressure are kept the same for a 
whole series of different gases, each 
separate molecule of each gas occupies 
the same amount of space. A molecule 
of hydrogen takes up the same amount 
of space as a molecule of oxygen or 
carbon dioxide if the pressures and 
temperatures of all three are abso- 
lutely identical. 

For a man who could not even prove 
that molecules existed, this was quite 
a startling statement to make. In fact, 
his law was the direct result of a 
guess that there were such things as 
molecules — atoms grouped closely to- 
gether in small units. The other 
scientists of the day just believed that 
matter was made of single separate 
units called atoms. 

Avogadro’s guess about molecules 
was sparked off by some unexplained 
results obtained by Gay-Lussac. Gay- 
Lussac had shown that two litres of 
hydrogen completely burned in one 
litre of oxygen and two litres of steam 
formed if the gases were kept at the 


same temperature and __ pressure 
throughout. The volumes of these 
gases bore a simple ratio to one an- 
other. So did the volumes of any other 
reacting gases and their gaseous pro- 
ducts. 

Avogadro wanted to know why this 
happened, so he studied and puzzled 
over these results, trying to work out a 
reason for them. 

His reasoning is best seen from the 
reaction in which hydrogen burns in 
chlorine to form hydrogen chloride 
gas. One litre of hydrogen burns 
exactly in one litre of chlorine to form 
two litres of hydrogen chloride gas. 
Perhaps one atom of hydrogen com- 
bined with one of chlorine to form one 
unit of the compound, hydrogen chlor- 
ide. Then one volume would combine 
with one volume to give one volume. 
This disagrees with the experimental 
results so it cannot be correct. But it 
would explain the results if the hydro- 
gen and chlorine atoms were both 
grouped together in pairs and each 
pair or group of atoms were to occupy 
the same amount of space. 

So Avogadro invented the molecule 
and formulated his hypothesis that 
every gas molecule under the same 
conditions of temperature and pres- 
sure occupied the same amount of 
space. 


In a gas the molecules themselves are very small compared with the amount of space between them. Except under very high pressures the 
actual sizes of the atoms in the molecules have no effect on the space the molecule requires to move around in. In fact, if the temperatures 
and pressures are kept the same, the molecules of any gas require the same amount of space. This is one way of stating Avogadro’s law. 
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Set of cork borers 


in CORK 


HERE are hundreds of different 
ways in which a chemist can 
arrange and assemble a few basic 
pieces of glassware. It would require an 
enormous amount of space and cost a 
lot to have in stock all the assemblies 
the chemist is likely to need. 

Instead, the various components — 
round bottomed flasks, condensers etc. 
are stored separately and only put 
together when they are needed. In 
this way, the same flask can be used 
over and over again for all sorts of 
different purposes. 

The flasks and other units are stan- 
dard pieces of apparatus but not so the 
glass tubing that connects them. It has 
to be cut and bent to shape. Corks 
make a convenient joint between the 
glass tubing and the flasks. 

Elaborate machines are available to 
bore holes to take the glass tubing. But 
in a small laboratory a simple set of 
cork-boring tools is adequate. A cork 
which seems a trifle on the large side is 
chosen to fit the neck of the flask. New 
corks are rather stiff and likely to split. 
Before boring they must be made more 
pliable by rolling. There are machines 
for doing this, but it works just as well 
to put the cork on the floor and roll it 
back and forward by pressing lightly 
with the ball of the foot. 

There are special sets of cork borers 
for cutting holes. These are hollow 
pieces of metal tubing of various dia- 
meters with a sharp cutting edge at the 
bottom and a handle at the top. When 
not in use the tubes fit neatly one 
inside another with a metal rod 
through the middle one. 

The borers are placed end to end 
with the glass tubing to find out which 
diameter of borer is needed and one 
particular tool is chosen. 

The boring should be done with the 
cork placed firmly on an asbestos mat 


to protect the bench. On no account 
Should anyone ever try to bore a cork by 
clutching it in the palm of their hand. It is 
impossible to judge the exact moment 
at which the borer will burst through 
the cork and the result will probably 
be a nasty injury as the borer embeds 
itself in the palm of the hand. 

It is best to hold the cork on the mat 
and gently press down on the borer 
while twisting it from side to side. 
When the borer has nearly reached the 
underside, a bulge appears. To avoid 
splitting, it is best to remove the borer 
and attack the bulge from the far side. 

When the two cuts have joined up, 
the wedge of cork inside the borer can 
be poked out with the metal’ rod and 
then the borer can be twisted out of 
the hole. 

The boring tool looks like an apple 
corer and the boring process strongly 
resembles coring an apple. 


FINAL 
ASSEMBLY 


|/ Choosea rather large cork. 

2/ Roll it underfoot to make it pliable. 
3 & 4/ Select a borer and bore into the 
cork. 

5/ Clear the end of the hole. 

6/ The cork is now ready for use. 
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Gas Chromatography 


HE development of gas chromato- 
graphy has, in recent years, 
revolutionized the work of the analyst. 
Because the physical and chemical 
properties of related organic com- 
pounds are so similar, they are difficult 
to separate by traditional methods. 
The analysis of a mixture of perhaps 20 
organic compounds used to take 
several days, but now it may be com- 
pleted in an hour with the aid of gas 
chromatography. This new technique 
has the additional advantage that it 
can detect substances which are 
present in very small proportions. 

It was in 1952 that two British 
scientists, A. J. P. Martin and A. T. 
James, at the National Institute of 
Medical Research started to investi- 
gate the possibility of separating com- 
plex mixtures by gas chromatography. 
The principles of this method are 
similar to those employed in the 
separation of mixtures by paper chro- 
matography. 

In both techniques the separation of 
the sample into its many components 
is achieved because each substance has 


a different rate of progress through the 
apparatus. In paper chromatography 
a drop of the solution to be analysed is 
placed on a strip of filter paper (the 
stationary phase). The edge of the paper 
dips into a suitable solvent (the moving 
phase) and as the liquid rises into the 
paper the various components of the 
mixture move along in the wake of the 
advancing liquid. Because of their 
different affinities for the stationary 
phase the rate of migration of some 
components is hindered more than 
others. 

In gas chromatography the moving 
phase is a gas. Helium, hydrogen and 
nitrogen are the carrier gases used 
most frequently. The stationary phase 
may be either a solid, or a liquid 
supported on an inert solid. 

Solid stationary phases are used less 
frequently, but are useful for separat- 
ing a mixture of permanent gases or of 
the light hydrocarbons which are 
gases at room temperature. The choice 
of suitable solids is rather limited, 
silica gel, active carbon (charcoal) and 
alumina being used most frequently. 


CARRIER 
GAS 


HYDROGEN 


Liquid stationary phases are usually 
supported on kieselguhr or on pow- 
dered fire brick. The liquid used for 
the stationary phase has to be chosen 
carefully. It must not evaporate too 
rapidly at the temperature at which 
the analysis is being carried out. 
Medicinal paraffin, glycerine, bitu- 
men and silicone oils are suitable for 
use as liquid stationary phases. 


Separating the Components 


When an analysis is to be’ carried 
out, the column containing the sta- 
tionary phase is maintained at a tem- 
perature sufficient to achieve the 
required separation in a reasonable 
time. The column may be heated by 
surrounding it with a jacket contain- 
ing the vapour of a boiling liquid. 
Alternatively, the column, which is 
often coiled, is heated in a thermo- 
statically controlled oven. 


romatography 


This word was coined from two 
Greek words chroma (colour) and 
graphein (to write) by Mikhail Tsvett, a 
Russian botanist. In 1906 he success- 
fully separated the principal pigments 
present in green leaves by washing a 
solution containing them through a 
column packed with powdered calcium 
carbonate. 

Although colour has little relevance 
to the separation of mixtures by gas 
chromatography, the term chroma- 
tography is now applied to any process 
in which a mixture is separated using 
stationary and moving phases. 


Once the column is up to the 
required temperature, the flow of the 
carrier gas (the moving phase) is 
started. The rate of flow of the gas 
must be steady. Then the sample to be 
analysed is introduced into the column 
using a hypodermic syringe. Only very 
small quantities of the substance are 
required. Often 1 mg (a thousandth of 
a gram) is quite sufficient. The sample 
is immediately vaporized and enters 
the column mixed with the carrier gas. 

Once in the packed column the 
components of the sample dissolve in 
the liquid covering the column pack- 
ing. Some dissolve more easily than 
others. All the time, the carrier gas is 
flowing through the tube, progres- 
sively redistributing and finally carry- 
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Five stages in the separation by gas chromatography of a mixture containing three different compounds. When first introduced into the 
column (1) the different molecules are jumbled. As they move down the column with the carrier gas (2) the molecules are sorted out. 
Some travel faster than others through the column. They are detected one by one as they emerge from the column (3, 4 and 5). 


ing away the various substances 
dissolved on the stationary phase. 

The least soluble substances vapor- 
ize more easily and hence move down 
the column faster. Their progress down 
the column is hampered least. In this 
way the various compounds are sorted 
out one from another. The longer the 
column is, the better the separation. 
Typical tubes are 6 ft. long and 4 inch 
in diameter. However, to carry out 
some difficult separations, coiled tubes 
as much as 100 ft. long have been 
used. 
Detecting the Components 

The final stage of the separation is 
to detect the different substances as 
they emerge, one by one, from the end 
of the column. Several different types 
of detecting systems are in use. The 
two most commonly employed 
measure variations in thermal con- 
ductivity or the extent of ionization in 
the flame produced by burning the 
effluent gas mixed with hydrogen. 

Whichever method of detection is 


used, the response of the various com- 
pounds is measured continuously by 
an automatic potentiometer. The 
readings are plotted on a moving 
chart so that a permanent record of the 
analysis is obtained. 

The chart from the recording poten- 
tiometer shows a number of peaks, 
each one corresponding to one compo- 
nent of the mixture. As the chart 
moves forward at a steady speed, the 
chemist can quickly see the time it has 
taken for the particular substance to 
emerge. The area under each peak is a 
measure of the amount of substance 
present. 

Identifying the Components 

Gas chromatography is essentially a 
means of separation, though.from his 
records of previous analysis of similar 
mixtures, the chemist often knows the 
compounds corresponding to various 
retention times. There may be some 
substances which cannot be identified 
for certain. However, it is possible to 
collect a sample of the pure compo- 


nent and to identify it by mass spec- 
troscopy or other micro-techniques. 
Alternatively a repeat run at a differ- 
ent temperature or using a different 
stationary phase may confirm the 
identification. 

In addition to the great saving in 
time compared with conventional 
method of analysis, gas chromato- 
graphy has several other advantages. 
Perhaps the most important is that it 
separates members of a homologous 
series. If thermal conductivity is used 
for detection, the various components 
can be collected and used for further 
work. 

Gas chromatography has opened up 
many new fields of research which 
could not have been tackled previ- 
ously. It is being used, for example, in 
identifying the substances which, al- 
though present in very small quanti- 
ties, give foodstuffs their characteristic 
odours and flavours. It can also be 
used for routine analysis in chemical 
plant. 
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The tulip bulb stores food in fleshy scale 
leaves. Food from the green leaves goes back 
to the scale leaves of the new bud which 
makes the next year’s bulb. 


TULIP BULB IN 
EARLY SPRI 


SCALES 


FOOD STORAGE 
IN PLANTS 


OME plants grow from seed, flower 
and produce more seed all in one 
season. These are annuals and they 
do not store much food, for it is used 
up straight away in forming new tis- 
sues. Other plants, however, live for 
two or more years. Except in tropical 
regions, there is a definite growing 
season. In winter, deciduous trees 
drop their leaves and the above- 
ground parts of many herbaceous 
plants die down. They must, however, 
have stored sufficient food to enable 
them to start growth in Spring. Trees 
store food in the tissues of the trunk 
and branches but many herbaceous 
plants have special underground 
storage organs. These may be modi- 
fied roots or stems. 

Storage in swollen tap roots is 
common in biennials (plants that grow 
and store food one year and flower and 
die the next). The carrot is an excellent 
example. By digging up the carrots at 
the end of the growing season, Man 
makes use of the food that would have 
gone to make the next year’s growth. 

Root tubers are found in dahlias and 
the lesser celandine for example. They 
develop from tiny buds at the base of 
the plant. They swell as food is passed 
into them and remain in the ground 
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A corm stores food in the 
swollen stem. Buds develop 
on the corm which develops 
each year from the base of 
the flower shoot. 


after the aerial parts have died down. 
Each tuber and its bud can give rise to 
a new plant. 

Underground stems are the most 
common storage organs. They vary in 
structure but differ from roots in the 
possession of scale leaves and buds. 
Rhizomes are horizontal underground 
stems and are found in irises and many 
grasses. They do not always store food 
but when they do they are quite thick. 
The potato is a stem-tuber —a swollen 
part of a stem that stores food. When 
detached from the rest of the plant, 
the potato acts as a reproductive body. 

Corms and bulbs are both under- 
ground storage structures and are 
often confused. In corms, the food 
reserve is stored in the swollen stem, 
while in bulbs, swollen scale leaves or 
the swollen bases of the previous year’s 
green leaves contain the food. 

Seeds are, of course, supplied with 
food reserves that enable the young 
plant to establish itself until it can 
begin to manufacture its own food. 

The most commonly stored food 
material is starch but sugars and pro- 
teins are also stored. Fats are fre- 
quently important reserves in seeds 
while the reserve of the date seed is 
mainly cellulose. 
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FOSSILIZED SOIL (SEAT-EARTH)” 
WITH ‘ROOTS’ IN POSITION 
OF GROWTH 


ANTHRACO 
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Acoal swamp of Upper Carboniferous times. The rhythmic sedimentation shows the earlier history of the region. A previous 
swamp is indicated by a lower coal seam. Invasion of the sea followed depositing mud with marine fossils. Before the delta re- 
turned, there was an intermediate lagoonal stage with non-marine bwwalves. 


PALAEOGEOGRAPHY 


OAL is one of Britain’s greatest 
mineral assets. As a fuel it pro- 
vides heating for our homes and power 
for our machinery. Without it this 
country would never have become a 
successful industrial nation. 

Yet it is not by chance that the coal 
supplies are so plentiful. During the 
Carboniferous period, 250 million 
years ago, much of Britain was covered 
with huge, swampy deltas. A warm, 
moist, sub-tropical climate enabled 
luxuriant forests to grow in the 
swamps, though the trees were very 
unlike forms now in existence. When 
they died, the plant remains fell into 
the stagnant swamp water. This 
Limestones formed in the Pennine area, 
South Wales and Bristol. Deeper-water 


shales accumulated in Lancashire and 
Devon. 


LATE LOWER CARBONIFEROUS BRITAIN 
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ancient vegetation has formed the 
coal-seams of to-day. 

Coal formed only at certain episodes 
of Carboniferous history — mainly in 
late or Upper Carboniferous times. In the 
earlier Lower Carboniferous times the 
rocks formed were mostly limestones. 


Lower Carboniferous 


The land-mass at the close of the 
Devonian period was almost flat; the 
Caledonian Mountains of Wales and 
Southern Scotland had been worn 
down to stumps. The early Carboni- 
ferous sea advanced first from the south 
into Wales and much of South-West 
England, and then from the west into 


Mud brought down from the north by 
rivers, built up a huge delta. A small delta 
also formed in Wales. 


EARLY UPPER CARBONIFEROUS BRITAIN ci 
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much of Northern England. The low- 
lying lands provided very little sedi- 
ment and pure limestones were de- 
posited from the shallow, warm seas. 
Scotland still stood out of the water 
and the earliest Carboniferous sand- 
stones there, were formed in fresh- 
water lakes. 

Violent earth-movements (Breton- 
ian) with strong volcanic activity 
interrupted this early peaceful episode. 
When they were over, the sea had 
flooded more areas at the edge of the 
land mass. All Northern England, 
North Wales and parts of South Scot- 
land were submerged while the lagoons 
in the Scottish Central Valley area 


Coal forests covered the extensive swampy 
deltas. The deltas were occasionally invaded 
by the sea. 


LATE UPPER CARBONIFEROUS BRITAIN 
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were frequently flooded by invasions 
of the sea. The movements also uplifted 
parts of the Welsh land-mass. Sands 
weathered from this new, high surface 
poured into the seas both to the north 
and to the south, interrupting the lime- 
stone deposition in many places. 

Parts of the sea floor in Northern 
England became very unstable. Rapid- 
ly sinking basins in Lancashire, Derby- 
shire and Nottinghamshire accumu- 
lated great thicknesses of shales with 
only thin, impure limestones. Similar 
sediments were also settling in the 
Devon-Cornwall trough to the south. 
The Lake District and much of the 
Pennine area was stable, subsiding far 
more slowly. Thick, pure limestones 
developed in these regions and con- 
tinued to form in the stable shallow 
seas over parts of South and North 
Wales, Bristol and the Mendip area. 

Northumberland lay very near to 
the land in Scotland. It represented an 
intermediate area with stable periods 


GIGANTOPRODUCTUS - spines attachedithe 
creature 0 the sea-floor. 


alternating with periods of rapid sub- 
sidence. The sedimentation is as a 


result rhythmic; deep-Water and 
shallow-water deposits continually 
alternate. 


Very slow subsidence meant the 
area became choked with sediment 
brought by rivers from the north 
There was little current activity to 
disperse the piled-up deposits and a 
delta grew out of the water as has 
happened at the mouth of to-day’s 
River Nile. Luxuriant, sub-tropical 
forests soon established themselves on 
the delta. Further subsidence caused 
the sea to return, destroying the 
forests. But the remains of dead plants 
are preserved as coal seams. This was 
the first Carboniferous coal-forming 
area. Coal formation on a larger scale 
was to take place in the Upper Car- 
boniferous. 
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Fossil gonvatites (free-swimming relatives 
of the squid) are used to date deep-water and 
muddy sediments. 


Upper Carboniferous 

Another phase of violent earth- 
movements (Sudetic) caused more 
changes in the geography. This phase 
of mountain-building separates the 
Lower Division of the Carboniferous 
from the Upper. The large-scale for- 
mation of limestone came to a halt. 

The whole of the Scottish Midland 
Valley and the Southern Uplands sub- 
sided, becoming a large delta stretch- 
ing out from the land mass of North 
Scotland. Northumberland made up 
just part of this delta. 

Elsewhere in Northern England, the 
sea was at first fairly open, depositing 
shales and thin limestones. But the 
Scottish delta slowly extended south- 
wards. Vast quantities of sands and 
pebbles were brought down from the 
northern land mass by great rivers. 
These sediments form the coarse sand- 
stone known as the Millstone Grit. 

The whole delta was occasionally 
re-invaded by the sea. This is known 
from layers of shale containing marine 
fossils. At first, the only coal formed 
was in the Scottish section of the delta. 
Elsewhere the grits formed barren, flat 
expanses. Very similar conditions led 
to delta formations also in South 
Wales and near Bristol. 

Slowly the deltaic flats turned into 
vast swamps covered with luxuriant 
vegetation. These were the times when 


most of our coal seams were formed. 
The trees grew in several inches of 
water but were well adapted to such 
conditions. Their roots are often found 
to-day preserved in fossilized soil just 
as they grew in life. Periodically the 
swamps were flooded by the sea des- 
troying the forest but preserving the 
layers of dead plant remains. 

The submergence of the swamps 
coincided with further uplift of the 
land surface. This provided new sup- 
plies of sediment for building the delta 
up out of the sea again. 

In addition to the large deltas of 
Northern England and_ Scotland, 
deltas in South Wales and in the 
Bristol area provided swamps suitable 
for coal development. The swamps 
evidently stretched over much of 
Southern England for coal seams of 
Upper Carboniferous age are found as 
far east as Kent. 


Tppical Carboniferous limestone country. The rocks contain numerous brachiopods, many 
corals, spiny-skinned echinoderms, bwwalves and tube-like bryozons. 


| APPLIED SCIENCE | 


Detecting Art Fakes 


OST people who fake paintings 
are caught out simply because 
their imitations do not look right. Art 
historians, not pieces of scientific 
equipment, are mainly responsible for 
detecting art fakes. The historian will 
have seen and studied closely a great 
many originals by the particular 
painter being copied and because of 
his experience will usually be able to 
tell at a glance whether a painting 1s 
genuine or is a fake. 

Anyone who tries to fake an old 
painting has a really difficult and 
tedious task ahead of him, for his paint- 
ing must look just like a present-day 
original. First of all he tries to paint it 
to look just as the original did when it 
was first painted — say 400 years ago. 
The colours must look right and the 
brushwork must be the same. 

The forger’s problems do not end 
here. Over the years the original paint- 
ing will have aged. Some pigments 
change colour. The varnish darkens 
and the paintwork cracks. The forger 
tries to get the same effect by cooking 
his painting in an oven and very 
occasionally is clever enough to pro- 
duce a painting that could well be an 
original. 


An infra-red  spectro-photo- 
meter for finding the infra-red 
spectrum of the paint medium. 
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An art historian can only state an 
opinion. The painting does not look 
quite right to him, but by studying it 
he cannot prove definitely that the 
painting is a forgery. This is left to the 
scientist. 

Several art galleries have their own 
laboratories where suspected art fakes 
are tested. This is not the prime object 
of the laboratory but a very useful side- 
line. The laboratory is largely con- 
cerned with the care of pictures and 
with amassing knowledge of how the 
old masters set about their paintings. 
Did they usually paint in layers ? What 
pigments did they use? 

The investigation of a suspected art 
fraud follows similar lines. There is no 
magical ‘true — false’ test. The answer 
is the result of a series of tests and an 
accumulation of data about the paint- 
ing. 

Various forms of photography are 
very helpful. Using radiations of dif- 
ferent wavelengths to illuminate the 
painting often reveals hidden facts 
which cannot be seen using ordinary 
lights. 

It is not unusual to find that a 
genuine old master has been tampered 
with during past restoration. In places 


The shape of the graph tells 
whether the pigment was 
mixed with egg yolk, linseed 
oul or any other medium. 


Ultra-violet radiation _ 
is used for viewing the 
surface layer of the 
printing. Black 
patches indicate that 
the varnish has been 
removed. 


the varnish may have been disturbed 
or painted over. Patches where the 
alterations have been made often show 
up clearly under ultra-violet light. 
When the room is darkened and this 
radiation falls on the painting, the 
varnish fluoresces and glows with a 
dull mossy green colour. Other colours 
seem to be drained from the painting. 
The general outline can be faintly seen 
together with the fluorescing varnish. 
Wherever the varnish has been re- 
moved there is no fluorescence and 


SALT COATED 
WITH A SOLUTION 
OF THE PAINT 
MEDIUM 
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there seems to be a black hole in the 
painting. Ultra-violet light, then, is 
used to view the surface layer of the 
painting. 

Infra-red radiation penetrates much 
deeper. It can penetrate the upper 
visible layers to find what lies under- 
neath. The painting is illuminated 
with infra-red radiation and the photo- 
graph is taken using a film made speci- 
ally for this type of photograph. If the 
painter has sketched in his subject 
before starting to paint, this may show 
up on the photograph. Sometimes this 
can be the vital clue. If the painter 
never used charcoal and there is a 
charcoal sketch on the painting under 
test, this isa valuable shred of evidence 
that the painting is a fraud. The infra- 
red picture also shows retouchings. Re- 
touched parts of the painting which 
seem to match in ordinary daylight do 
not necessarily match under infra-red 
radiation. 

X-rays can penetrate right through 
the painting and reveal if the canvas 
has been joined in some way. Altera- 
tions in the painting become visible. 


PLASTIC IS 
LEFT TO 
SOLIDIFY 


AZURE PARTICLES 


HE MICROSCOPE.2<Sim 
es 


Suppose an eye was painted first of all 
in the wrong place and then painted 
out and re-painted in the right place. 
With daylight, one eye only can be 
seen, but both eyes can be seen on the 
X-ray photograph. This again can be 
a clue if the painter concerned did not 
do his paintings in this way, but 
always scraped out or used a solvent to 
remove his mistakes. In taking this 
photograph, the X-ray machine is 
placed behind the painting and the 
light-sensitive film is in front of it so 
that the painting casts an X-ray 
shadow on the film. 

A painting can often be dated by the 
pigments used in it. For example, a 
pigment known as Scheele’s green was 
invented in 1778. It is a compound of 
copper and arsenic and is very poison- 
ous. Because of flakes of paint finding 
their way into food and causing 
poisoning, manufacture of the pigment 
was stopped in 1814, at which date a 
more stable, though poisonous green 
pigment, emerald green was invented. 
So whenever Scheele’s green is found, 
the painting can be dated as being 


THE FLAKE OF PAINT 
IS GENTLY. PLACED 
ON THE SOLID 
PLASTIC AND 

MORE LIQUID IS 
POURED IN 


WHEN ALL THE PLASTIC HAS 
SET, THE BLOCK IS SAWN 
VERTICALLY IN TWO SO 
THAT THE PAINT FLAKE 
CAN BE VIEWED IN SECTION 


made between the years 1778 and 
1814. It could have been done later for 
old stocks of the paint do still exist and 
it is not impossible for an artist to 
prepare small quantities of the pig- 
ment himself, but it certainly could 
not have been painted before 1778. A 
so-called medieval painting containing 
Scheele’s green must be a fraud unless 
the green is part of the retouching. A 
similar argument applies to the use of 
emerald green, the other copper- 
arsenic compound which replaced 
Scheele’s green and was itself aban- 
doned after a short period of time 
because of its poisonous properties. 

The artist of the Middle Ages had 
only a few pigments at his disposal and 
all of these were natural pigments, 
apart from a few manufactured pig- 
ments like white lead which had been 
used since antiquity. The first syn- 
thetic one in the modern sense of the 
word, Prussian blue, was not invented 
until 1704. Some of the natural pig- 
ments were minerals like the green 
copper ore, malachite. Malachite was 
ground to a powder and mixed with 
oil, gum or egg to make paint. Others 
were of vegetable origin. Today, 
several of these pigments are made 
synthetically and even the natural 
ones are no longer hand-ground. All 
these differences show up under a 
microscope. The natural pigments 
always contain impurities. 

The artist who uses the wrong pig- 
ments on his art fakes automatically 
gives the game away. Very few people 
take the trouble to prepare and search 


ORDINARY 
PHOTOGRAPH 


out the pigments that would have been 
used by the real artist. 

Consequently, micro-analysis has an 
important role to play in discovering 
what elements the painting contains. 
It would be criminal to scrape a heap 
of paint off the picture to do this, so 
the testing has to be done on a very 
small scale using flakes smaller than a 
pin head. The examination of the 
flake of paint follows the normal in- 
organic analysis procedure of splitting 
it into groups of metallic radicals and 
then finding exactly what each group 
contains. 

This method can be followed by gas 
chromatography, which does the same 
job on the organic media which bind 
the coloured pigment patches to- 
gether. The flake of paint is made 
soluble by chemical treatment and 
heated to make it vaporize. The 
vapour is borne away on a stream of 
hydrogen or helium to pass down a 
column of powdered chalky substance 
coated with a liquid. As the stream 
passes down the column, a ‘tug-of- 
war takes place between the liquid 
and the helium. The different com- 
ponents of the paint media are first 
pulled by the liquid and then back 
again by the gas. Some are attracted 
more strongly than others. Con- 


DETECTOR TELLS 
ARRIVAL OF 
COMPONENTS 


sequently first one substance arrives at 
the finishing post first, then another 
and another. An inky needle flips 
across a moving piece of paper to mark 
their arrival. The components are 
separated in a matter of minutes and 
can easily be identified. 

If the forger has been clever and 
used the correct pigments, then the 
painting must be tested to see if they 
have been applied in the correct 
fashion. If the real painter always used 
colour combinations in layers perhaps 
the suspected forger has not followed 
the technique. Again only a small flake 
is needed to find out. A little plastic 
container of the type used for making 
individual ice cubes is half filled with a 
polyester resin which sets in the cold 
and when it has set, the flake of paint- 
ing is laid flat on the plastic surface 
and more liquid is poured in. 

When it has set, the cube is removed 
and sawed in two so that a section of 
the paint flake is obtained. When this 
is placed under a microscope the dif- 
ferent layers of paint can be seen quite 
clearly. A layer of ultramarine will 
show up, so will impurities in the pig- 
ment. This microscope reveals whether 
the ultramarine is the old natural pig- 
ment or the more modern synthetic 
one. The synthetic pigment will not 
GAS CHROMATOGRAPHY APPARATUS 


ARRIVAL OF EACH 
COMPONENT IS RECORDED 


contain specks of certain impurities. 

As well as the paint, the paint 
medium is also very important. Is the 
painting done in tempera or in oil? 
Tempera is a paint made of pigment 
and egg yolk; oil paint is made of pig- 
ment and oil. The medium may have 
been identified by gas chromato- 
graphy, but the exact types of medium 
are best identified by infra-red analysis. 
Every substance absorbs different 
wavelengths of infra-red radiation in 
different amounts, so finding the 
absorption at different wavelengths is 
equivalent to finding the ‘finger prints’ 
of the substance. 

A clean crystal of common salt is 
coated with a solution of the medium 
and inserted in the spectrophotometer. 
It is irradiated with infra-red radiation 
of gradually increasing wavelength. A 
pen traces the amount of radiation 
transmitted on to a piece of paper 
wound round a slowly revolving drum. 
The shape of the trace tells the nature 
of the medium. Modern synthetic 
materials can easily be detected in this 
way although chemically they may 
contain the same elements as the 
natural oils. 

It would seem impossible to fool all 
these pieces of scientific equipment and 
produce a fake which passes as an old 
master. Nevertheless it has been done. 

Modern art fakes are, of course, 
more difficult to detect because 
modern pigments will be present any- 
way and many modern artists use a 
looser style of painting. 
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ORGANIC CHEMISTRY 


FAMILY TREE OF AMINES 
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WHEN WURTZ DISCOVERED 
THIS COMPOUND HE THOUGHT 
HE HAD MADE AMMONIA UNTIL 
1T CAUGHT FIRE AND HE 4 
a aypeaes IT WAS SOMETHING ~ 
NEW 


The Amines—Chemistry’s 
Fishy Compounds 


HERE is no mistaking the smell of 
rotting fish, strong, not very. 
pleasant, and with a slight smell of 
ammonia about it. As the fish decays 
the smell gets stronger and stronger. 
The unpleasant odour is due to the 
formation of chemical compounds 
called amines. 

Not all amines smell of fish, but a 
very large group of them do. There is 
no difficulty in recognizing the smelly 
ones if the label has fallen off the bottle. 
One sniff gives the answer. If it smells 
of bad fish it is an amine. The smell 
does not tell which amine is in the jar. 

The smell somewhat resembles am- 
monia. Why is this so? Is there any 
relationship between these amines and 
ammonia? The name obviously im- 
plies that there is. Amine and am- 
monia are similar sounding words and 
are in fact chemically related. 
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A molecule of ammonia consists of 
a nitrogen atom with three hydrogen 
atoms tagged onto it. Ifa carbon atom 
is pushed in to replace one or more 
than one of these hydrogen atoms, an 
amine is formed. Amines, then, are 
derivatives of ammonia. The carbon 
atom, of course, will not be on its own. 
It too will have other atoms tagged 


ALIPHATIC 


ONLY ONE OF THE 
HYDROGEN ATOMS 
OF AMMONIA HAS 
BEEN REPLACED 


onto it. So there are all sorts of different 
possibilities for the structures of amines 
and a ‘family tree’ can be drawn to 
represent the different types. 

At the start of the family tree is am- 


monia and above it, branches to 
represent each type of amine — am- 
monia with some of its hydrogen atoms 
replaced by carbon. The tree branches 
into two. One branch is for carbon 
atoms which are part ofa carbon chain 


AMINES ALSO FORM CHLORIDES 
WITH HYDROCHLORIC ACID 


AROMATIC AMINES 
ARE LESS BASIC 
THAN THE 
ALIPHATIC ONES 
BECAUSE THE 


HOW TO DISTINGUISH 
BETWEEN THEM 


ADD NITROUS ACID, 
TO AMINE 
SOLUTION 


NITROGEN 
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structure. They bear the name ali- 
phatics, and are the fishy smelling 
amines. The carbons of the other 
branch of the tree, the aromatic or aryl 
amines are part of a benzene ring. 
These do not smell of fish. The pleasant 
aromatic smell of the benzene ring 
masks the fishy smell. 

Both the fishy and the non-fishy 
branches, again divide, this time into 
three, depending on whether one, two 
or all three hydrogen atoms have been 
replaced by carbon atoms. 

The primary amines are those in 
which one hydrogen atom has been re- 
placed — general formula R—NH, 
where ‘R’ stands for a carbon chain. 
Two have been replaced in the second- 
ary amines and they have the general 
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Amines that have more than one 
NH, group per molecule are used to 
make some types of plastics. The NH, 
groups are made to react so that the 
molecules bind together in long chains. 
One called hexamethylene diamine is 
used in manufacturing nylon. 

Yet another depends on the amines’ 
similarity to ammonia. Ammonia is a 
base. It will react with acids, neutraliz- 
ing them to produce salts. The 
chemical relatives of ammonia, the 
amines, are also bases and will react in 
just the same way. Mix them with an 
acid and they neutralize it to form a 
salt. This property of amines is used to 
neutralize some organic acids used in 
manufacturing detergents. 

Industrially, though, the most im- 
portant amines are the primary aro- 
matic ones, those which have only one 
carbon atom of a_ benzene ring 
attached directly to the nitrogen atom. 
Aniline, CgH;NHe, is an example of 
this. They are the basis of a branch of 
the synthetic dyestuff industry and are 
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used to make azo-dyes. When dilute 
hydrochloric acid is poured onto some 


crystals of sodium nitrite, an acid 
called nitrous acid, HONO, is formed. 
With chilled amine this forms a com- 
pound known as a diazonium salt. The 
diazonium salt is important because it 
will react with OH and NHge groups 

The starting materials for manu- 
facturing these dyes come from coal tar 
and from refining oil. 
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OPTICS 


THE TELEPHOTO LENS | 


T isa comparatively simple matter to 
take a photograph of a building 
which is some distance away from the 
camera. There are times, however, 
when the photographer wants to show 
the detail of an inaccessible subject. It 
may be an elaborate weather vane on 
top of a high building, or a footballer 
in action at the far end of the field. The 
introduction of the telephoto lens has 


A cine camera fitted 
with a zoom lens. 


made it easier to take photographs of 
this type. 

The lens of a camera is convex (i.e. 
thicker at the centre than at the edge), 
so a real and inverted image of the 
object is formed on the photographic 
film or plate. (To obtain a photograph 
at all, a real image is essential — it is 


only real images which can be formed 
on a screen). 

If the object being photographed is 
some distance from the camera, the 
light rays reaching the camera lens 
from the object are almost parallel. 
These rays form a sharp image very 
close to the focal plane of the lens, so 
the film or plate must be in this plane. 
The size of the image on the negative 
depends upon the focal length of the 
camera lens, and upon the distance of 
the camera from the object. The 
further the object is from the camera, 
the smaller will be the image on the 
negative. 

It is, of course, possible to make 
prints much larger than the negative, 
but there is a practical upper limit to 
enlargement. This limit is set by the 
quality of the camera lens and of the 
type of film used. Attempts to exceed 
this limit yield blurred prints. 

If enlargements from a normal nega- 
tive do not give sufficient detail of the 
subject, the only other way of attaining 
the required detail is to use a camera 
lens of greater focal length. Generally, 
35 mm cameras are fitted with lenses 
having a focal length of 50 mm. An 
object 2 metres (2,000 mm) high and 
200 metres from the camera would 
give on the negative an image which is 
only 0:5 mm high. However, if a lens 
of twice the focal length (i.e. 100 mm) 
were used, the height of the image 
would also be doubled. 

There is no theoretical limit to this 
means of increasing the size of the 
image. A lens with a focal length of 500 
mm would give an image 5 mm high 
while one of 2,000 mm would give an 
image 20 mm high. However, a 35 mm 


camera incorporating a simple convex 
lens having a focal length of 2,000 mm 
(i.e. 2 metres) would be very incon- 
venient on account of its size. 

This problem of the bulkiness of the 
camera may be overcome by using a 
telephoto lens instead of a simple convex 
lens of long focal length. The telephoto 
lens, which is really a combination of 
lenses, has an effective focal length 
which may be as much as three times 
the distance of the lens combination 
from the plane in which the image is 
formed. Thus the focal length and in 
consequence the size of the image 
formed on the negative can be in- 
creased without lengthening the 
camera. 

The telephoto lens combination 
consists of a convex lens and a concave 
lens (i.e. thinner at the centre than at 
the edge). The focal length of the con- 
vex lens is usually about twice that of 
the concave lens. These two lenses are 


The size of the image of a distant object may be increased by using a convex lens of greater focal length. These diagrams show the images 
of the same distant object as formed by the two lenses. 
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RAYS FROM 
DISTANT OBJECT 
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28 MM LENS 


separated from one another by a dist- 
ance intermediate between the focal 
lengths of the two lenses. 

When the parallel rays from the 
object arrive at the convex lens (which 
is in front of the concave lens) they are 
bent towards the principal axis of the 
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es (Left) A camera fitted 
bh 4 with a telephoto lens. 

* | Notice the small size 
. of the camera in rela- 
tion to the lens attach- 
me ment. (Below) A 
series of photographs 
of the same object 
taken from the same 
position but using 
lenses of increasing 
Socal length. 


135 MM LENS 


lens combination. However, before 
these rays reach the focal plane of the 
convex lens, they encounter the con- 
cave lens which bends the rays away 
from the axis to form a larger real 
image at a greater distance from the 
convex lens. 


300 MM LENS 


By tracing ¢maginary rays back from 
this image, it appears that the image 
has been formed by a single convex 
lens situated some distance in front of 
the lens combination. Inclusion of the 
concave lens has given the telephoto 
lens combination its large effective 
focal length. 

In a telephoto lens combination, the 
distance between the convex and con- 
cave lenses is fixed, so the focal length 
of the combination is also fixed. How- 
ever, the focal lengths of the zoom 
lenses which are now popular in cine 
photography, can be varied between 
limits. These lens combinations work 
on the same principle as the telephoto 
lens, the variation in focal length being 
achieved by changing the distance of 
separation of the convex and concave 
lenses. 

The ciné photographer likes the 
image of his subject to occupy as much 
of the space in the ‘frame’ as possible. 
As has already been explained, the 
size of an image can be changed by 


1000 MM LENS 


altering the focal length of the lens. 
This used to be done by having a set of 
lenses of various focal length mounted 
on the turret of the ciné camera. Now, 
instead, a single zoom lens combina- 
tion does a similar job to a set of lenses 
of fixed focal length. 


Ray diagram showing the formation of the image of a distant object using a telephoto lens system and, for comparison, the ray diagram for 


the equivalent single convex lens. 
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Henrietta eavitt, who discovered the law 
relating the period and luminosity of the 
cepheid variables. 


OLARIS, the Pole star, changes 
almost imperceptibly in bright- 
ness every four days. Regularly it 
brightens and then fades again. Polaris 
is a pulsating star, of the kind called 
Cepheid (see-feed) variables. Cepheids are 
bright, yellow, luminous stars. But 
Cepheids are distinguishable from all 
other types of pulsating star because 
the time between one brightness peak 
and the next (the period) seems to de- 
pend on the brightness, or luminosity of 
the star. 

Luminous pulsating stars have long 
periods and less luminous stars have 
shorter periods. The periods range 
from just over a day (less luminous 
stars) to a few weeks for the most 
luminous cepheid variable. Starting 
with the facts about period and lumi- 
nosity, astronomers can work out, ina 
round-about fashion, the distance of 
the star from the Earth. 

The brightness of the star, as seen 
from the Earth, is called the apparent 
magnitude. (Magnitude in Astronomy 
does not mean the s?ze of the star). The 
apparent magnitude is not, however, 
the true brightness of the star. A 
nearby, dim star can have just the 
same apparent magnitude as a 
brighter, more distant star. The light 
has travelled a longer distance, and a 
smaller proportion of it is intercepted 
by the Earth. Theoretically, at twice 
the distance, the apparent brightness is 
only a quarter. At three times the 
distance, it is down to a ninth. The 
apparent brightness decreases as the 
square of the distance apart increases. 
Other factors may dim the light, but 
this law (called the Inverse Square 


1514 


Cepheid variables are discovered from photographs like these. The two photographs of the 
same cluster of stars (taken on different days) show that two are pulsating. 


ASTRONOMY 


PULSATING STARS 


Law) is the basis for estimating the 
true brightness or luminosity of the 
star. 

The distances of the nearest cepheid 
variables are found by a geometrical 
method, the method of parallax. Their 
brightness is also measured, and then 
their luminosities can be found. Their 
periods are also found. All the results 
are plotted as points on a graph with 
luminosity along one axis and period 
along the other. It is discovered that 
the points lie roughly along a straight 
line. 

When a new Cepheid variable is dis- 
covered, and it is too far away for its 
distance to be measured in any other 
way, the straight-line graph is used. 
Two things are known — the period, and 
the fact that the ‘point’ for this star 
must lie roughly on the straight line. If 
a star in our own Galaxy has a period 
of four days, it must have a luminosity 
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Gas condenses to form a star. Gravitational 
forces pull the gas into the centre. The star 
becomes hot and thermo nuclear reactions 
start inside its core. The star continues like 
this for a few thousand million years, 
slowly expanding. 


about 600 times greater than the Sun 
for the ‘point’ to lie on the straight line. 
The luminosity found from the graph 
is compared with the apparent bright- 
ness, and the distance of the star can 
be worked out. 

Of the 15,000 observable, named 
and listed stars, about 3°% are Cepheid 
variables. The Cepheids in our galaxy 


(the Milky Way) lie mostly within the 
main disc of the Galaxy. A few older 
Cepheids lie outside the disc, in the 
region known as the halo. The Cepheids 
in the disc of the galaxy are fairly 
young stars, but it is thought that they 
must be in a later stage of their de- 
velopment than the Sun. The Sun is 
not a pulsating star, but it could be- 
come one eventually. 
The Life of a Cepheid 

When a star is first ‘born’, a huge 
volume of hydrogen gas and dust con- 
tracts inwards, attracted towards its 
own centre by gravitational forces. 
The atoms inside its core become hot 
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and densely packed, and thermo- 
nuclear reactions begin. Atoms start to 
join together, and the star behaves like 
a vast thermonuclear reactor. The 
star grows hotter as more of the hydro- 
gen ‘fuel’ is ‘burnt’, and the tendency 
is for the star to expand. But the in- 
wards gravitational forces, which are 
still acting, prevent this. 

In stable stars, like the Sun, out- 
wards and inwards forces just about 
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Gravitational forces and expansion forces 
are unbalanced, so the star pulsates. On the 
left, the expansion forces are greater than 
the gravitational forces, and the star expands. 
Above, the star contracts. 


balance each other, so the size and 
brightness of the Sun does not alter 
very much. However, in a cepheid 
variable, the forces have probably be- 
come unbalanced. The star has used 
up a great deal of its hydrogen ‘fuel’ 
and it is starting to use its supply of the 
gas helium (formed from the hydro- 
gen) in building up heavier and 
heavier elements. Enormous amounts 
of heat are released during the re- 
actions. The star suddenly expands, 
but the reactions are not supplying 
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The star expands again, becoming 
brighter. 


enough heat to keep the expansion 
going. Gravitational forces gain the 
upper hand, and the star contracts. 
The star oscillates in and out, appear- 
ing alternately brighter and fainter. 

Once the oscillations have started, it 
is difficult for them to stop. However, 
periods of cepheids have been observed 
to lengthen gradually with time, pos- 
sibly because the oscillations are dying 
down. It has been estimated that the 
star continues to pulsate for a few 
thousand years. During this time the 
star as a whole has expanded con- 
siderably, become more luminous, 
and has probably developed into a red 
giant or huge red star. While its period 
is lengthening, the star is growing 
more luminous, in accordance with the 
period/luminosity law. 

This theory explains some of the 
observed facts about some of the 
cepheid variables, but it does not ex- 
plain all of them. Some cepheid 
variables are known to be much older 
stars, at a different stage in their de- 
velopment. They are unlikely to be 
going through their expansion stage 
now. 
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Using the Cepheid variables in 


distance measurement 
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The distances of nearby Cepheids are 
measured. 


LUMINOSITY 
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PERIOD IN DAYS 


Periods are plotted against lumi- 
nosities, to form a line graph. 


THE PERIOD OF THE DISTANT CEPHEID 
IS TIMED 


{TS APPARENT MAGNITUDE / 
Is MEASURED ANT 


SO THIS MUST BE ote 
ITS LUMINOSITY = 


THE CEPHEID HAS 
A PERIOD OF 
5 DAYS 


LUMINOSITY 


PERIOD 


The apparent magnitude and period of 
a distant star is its luminosity can be _ 
found from the graph... . 


DISTANT 
STAR yo 


. . . and its distance calculated. Light 
from the star must have travelled this 
distance to have the observed apparent 
magnitude. These two stars have the 
same real luminosity. Because one is 
further away, it appears dimmer. 
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INDUSTRIAL CHEMISTRY 


WATER GAS || 


FOR many years coal has been the 
principal source of town gas in 
Britain, because there are adequate 
supplies of the right kind of coal. How- 
ever, the traditional method of making 
gas by carboni zing coal (i.e. heating it in 
the absence of air) produces large 
quantties of coke as well as gas, in fact 
about 145 cwt. of coke is obtained from 
one ton of coal. 

For the gas industry to work eco- 
nomically, the demand for coke must 
rise at about the same rate as the 
demand for gas. But in practice this 
was not so: more usually there was a 
surplus of certain sizes of coke. This led 
to the development of new ways of 


C+ 0,=CO, 


@-28- 


CARBON OXYGEN 


CARBON DIOXIDE 


utilizing the surplus coke to manu- 
facture other inflammable gases which 
can be added to the gas obtained by 
carbonization. 

Blue Water Gas 

One of the simplest ways of making 
a fuel gas from coke is to pass super- 
heated steam (i.e. steam heated above 
its boiling point) over white hot coke. 
The product of the reaction — a mix- 
ture of carbon monoxide and hydro- 
gen — is known as blue water gas. Un- 
fortunately heat is taken away from 
the white hot coke in the reaction — it 
is endothermic. 

At a lower temperature less steam is 
decomposed and there is a tendency for 
the carbon monoxide to react with 
steam to give carbon dioxide and 
hydrogen. As carbon dioxide does not 
burn, this mixture is not much good as 
a fuel. It is, therefore, necessary to 
keep interrupting the ‘steaming’ of the 
coke to heat the bed up again to about 
1100°C. (which is the most satisfactory 
temperature for the reaction). 

This is done by blowing air through 
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the coke. Oxygen in the air reacts with 
carbon in the coke to form carbon 
dioxide which is, in turn, reduced to 
carbon monoxide as it proceeds 
through the hot coke. Both these re- 
actions are exothermic — they liberate a 


cO,+C=2C0 @ 
@ @- 
CARBON DIOXIDE CARBON & 


CARBON 
MONOXIDE 


great deal of heat which raises the 
temperature of the coke bed dmes@arr= 
bon monoxide mades@timme this blast 
phasesismmi@t added-to the blue water 
eas. Instead it is burnt and the heat in 
the waste gases (carbon dioxide and 
nitrogen) is used to pre-heat the water 
supply to the boilers where the steam is 
raised, 

Reheating the coke bed with a blast 
of air usually takes two minutes. This is 
followed by the make or run phase 
during which the blue water gas is 
made by passing superheated steam 
over the white hot coke. This can be 
continued for only three minutes be- 
fore the coke bed becomes too cool. 
Any attempt to prolong the make 
phase gives a product of poorer 
quality. (It would contain too much 


INLET 


The water gas producer ts reheated frequently 
by blowing air through the hot coke bed. 


carbon dioxide). The complete cycle 
of alternate blast and make phases 
takes about five minutes. 

Less heat is liberated by burning 
blue water gas than by burning the 


The carburetted water gas plant is re-heated in a similar way to the blue water gas plant, 


namely by blowing air through the hot coke bed. 


The water gas itself is made by passing 
super-heated steam through white hot coke. 


same volume of coal gas. The calorific 
value of blue water gas is about 320 
B.t.u./cu.ft. while that of coal gas may 
be as high as 550 B.t.u./cu.ft. (A British 


je a3 
= Weg + @o eo * 
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thermal unit — B.t.u. —is the heat re- 
quired to raise the temperature of 1 lb. 
of water through one degree on the 
Fahrenheit scale). 

Blue water gas cannot, therefore, be 
used as a direct substitute for coal gas. 
It is, however, mixed with coal gas to 
keep its heating effect constant at the 
declared calorific value. (The declared 
value of town gas supplies derived 
mainly from the carbonization of coal 
is usually about 500 B.t.u./cu.ft.). As 
blue water gas producers can be 
started up rapidly, they are par- 
ticularly useful for supplementing the 
main supply in cold weather when 


there isa much greater demand for gas. 

As well as being a comparatively 
cheap form of gaseous fuel, blue water 
gas is also a very useful source of hydro- 
gen. Large quantities of hydrogen are 
required in the synthesis of ammonia 
and for the hydrogenation of fats and oils 
in the manufacture of margarine. A 
mixture of hydrogen and carbon mon- 
oxide derived from blue water gas can 
be used for synthesizing methyl 
alcohol. As a catalyst is used in carry- 


CO @ 
CO @ 


HYDROGEN 
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Blue water gas made in the generator is enriched by adding hydrocarbon molecules obtained 
by cracking owls. The above equation shows how pentane may break up. 


RUN PHASE 


ing out all these conversions, the 
various impurities present in the raw 
blue water gas must first be removed. 
Otherwise the catalyst will become 
poisoned. 


Carburetted Water Gas 


The heating effect of blue water gas 
may be improved by adding hydro- 
carbon gases having much _ higher 
calorific values (1000 B.t.u./cu.ft. up- 
wards). In the carburetted water gas 
plant enrichment is achieved by thermal 
cracking of gas oil or light petroleum 
spirit. The hydrocarbon molecules in 
the oil are cracked (i.e. broken into 
smaller fragments) by spraying the oil 
on to hot bricks. 

This type of plant normally consists 
of three reaction chambers — the water 
gas generator, the carburettor and the 
superheater. The water gas generator 
works in much the same way as the 
generator in the blue water gas plant, 
since the manufacture of carburetted 
water gas is also intermittent. 

First the reactors have to be heated 
up by blowing air through the bed of 
coke in the water gas generator. The 
carbon monoxide made during this, 
the blow phase, is burnt in the next 
unit, the carburettor, to heat it. The 
hot gases from this combustion then 
pass through the chequered brickwork 
of the superheater which is also heated 
up. 

When the coke bed in the generator 
is hot enough (i.e. about 1100°C.) the 
air supply to the generator is shut off 
and superheated steam is admitted in 
its place. At the same time oil is intro- 
duced into the carburettor. Blue water 
gas is made in the generator. This gas 
passes into the carburettor where it 
mixes with the gases produced by 
thermal cracking. This mixture then 
enters the superheater where the 
thermal cracking is completed. 

Some of the hydrocarbon molecules 
are undoubtedly broken up completely 
to yield more hydrogen and carbon 
monoxide. However, in this arrange- 
ment thermal cracking is not too 
severe. The remaining hydrocarbon 
molecules are split up into simpler 
hydrocarbons, in particular into 
methane. So by controlling the con- 
ditions in the three chambers, the 
required enrichment is achieved. 
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The record pick-up fits into the end of the 
pick-up arm. It converts the side-to-side 
movement of the needle (stylus) into an 
alternating electric current. 


The RECORD PICK-UP 


KYERYONE knows that a gramo- 

phone record made to be played 
at 45 revolutions per minute sounds 
odd when played back at 334 revolu- 
tions per minute. All the notes sound 
lower. It happens because the record 
is moving more slowly: that is, because 
the gramophone needle (or stylus) is 
not travelling as far along grooves in 
the record each second. 


Piezoelectric pick-ups 


Squeezing a piezoelectric crystal squeezes 
charges on to oppositefa 
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The sound originates from the con- 
tinuous spiral groove cut into the disc. 
The groove is not uniform: it is made 
with side-to-side wiggles. As the tip of 
the record stylus fits neatly into the 
groove, it wiggles from side to side, 
too. Each side-to-side and back again 
wiggle represents one sound wave. If 
the stylus wiggles 256 times each 
second, it passes these vibrations on, 


Bending produces a similar effect. The charge 
distribution depends on the way the crystal 


is cut and held. 
a 
reg ea eae 


through the pick-up arm, through the 
electronic amplifiers to the loud- 
speaker. Air in front of the loudspeaker 
vibrates to and fro 256 times each 
second, and the human ear interprets 
this as the musical note of Middle C. 
Between the stylus vibrations and 
the loudspeaker vibrations, the sound 
is represented by electrical oscillations. 
It must be represented by a to-and-fro 


Another variation is twisting, used in 
pick-ups. The stylus is 
rystal to twist it. 


The Stylus 


The stylus, or needle used to be a 
wooden or metal needle, which needed 
changing frequently. In modern record 
players, a sapphire or diamond crystal 
is used instead. It lasts longer than the 
metal needle and does not wear the 
record grooves as much. Sapphire and 
diamond can now be man-made fairly 
cheaply. 

Many styli have more than one 
crystal point, to fit into the different 
sizes of record grooves. 

When the needle tip wears, it should 
be changed. It no longer fits the groove. 
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A diamond-tipped stylus for microgroove 
records. One point ts for stereo-records and 
the other for mono-records. Wiggles in the 
record groove are transmitted to the crystal, 
which 1s twisted. 


flow of electricity, since this is the only 
form in which the vibrations can be 
successfully amplified. 

The conversion into electrical oscil- 
lations is done in the record pick-up 
head. This is at the end of the pick-up 


C 
CRYSTAL 


STYLUS 


A bend to one side produces a 
twist to one side and a current in 
one direction. A bend to the 
other side produces a current in 
the other direction. 


This crystal works for stereo- and 
mono-records. It is cut so that 
bends to each 
charges in two separate places in 
the crystal, providing two separ- 
ate stereo channels. 


arm which supports the record stylus. 
There are many different ways of con- 
verting stylus vibrations (these are 
mechanical vibrations) into current 
oscillations. 


Crystal Heads 


Most modern record players use a 
crystal inside the pick-up head. It is a 
crystal with special pre zoelectric (pi-eez- 
oh-electric) properties. When it is 
alternately compressed and released, 
compressed and released, opposite 
faces of the crystal gain, alternately, 
positive or negative electrical charges. 
Compressing it squeezes electrical 
charges on to the crystal faces. Twist- 
ing and bending have similar effects. 
The tip of the stylus is fastened to a 
kind of lever arrangement, which 
presses against the piezoelectric crystal. 


The point sits in the record groove. The 
whole pick-up must be carefully weighted 
and balanced. It should not cut deeply into 
the record, but it should be held down enough 
to keep it in the groove. 


side produce 


The stylus wiggles, and the wiggles are 
passed on to the crystal. Alternating 
charges are produced on the crystal 
faces, and these can be picked up by 
pieces of metal (electrodes) connected 
to the crystal. 

The sound is now represented by 
variations in electric current. Wires 
take the current along the pick-up arm 
to the amplifiers within the body of the 
record player. 

Magnetic Heads 

Earlier gramophones, with sharply- 
pointed metal needles, used magnetic 
effects to get electrical vibrations from 
mechanical vibrations. The needle 
wiggles from side to side between the 
poles of a permanent magnet. 
Wrapped around the needle is a small 
coil of wire. The presence of the needle 
affects the magnetic field between the 


Side-to-side variations in the microgroove 
are followed by the tip of the stylus. It ws 
made to standard size so that it just fits the 
record groove. The magnification here 1s 
about 1,000 times. 
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NEEDLE 


Wrapped around the needle is a coil of 
wire. When the needle moves in the 
magnet’s field, currents are induced in 
the coil. 


COIL PICKS UP 
CHANGES IN 
MAGNETIC FIELD 


_@ 


CHANGING 
MAGNETIC 
FIELD 


When the needle moves to one side, 
the induced current flows in one direc- 
TIONS: 5. % 


. and when it moves to the other 
side, the current flows in the opposite 
direction. 


1520 


magnetic poles. It varies as the needle 
wiggles. As a result of this, minute 
currents are induced to flow in the coil, 
and they are varying currents. 

Some modern pick-ups use the same 
principle, although the steel needle is 
replaced by a pointed crystal. 

This method is not at present a very 
efficient one. Only about 10%, of the 
mechanical energy is converted into 
electrical energy, compared with 70— 
80% in a piezoelectric crystal pick-up. 
But good magnetic pick-ups are better 
than good crystal pick-ups, so they are 
used in top-quality record-players. 

An alternative solution, recently 
developed, switches the jobs of the 
stylus and magnetic poles around. 
Attached to the stylus is a small 
moving magnet. As the magnet moves, 
small currents are induced to flow in 
nearby coils of wire. 

The Frequency Response 

Is the final sound exactly the same 
as the original sound? Two important 
properties of the sound are its fre- 
quency (or pitch), and its volume. 
Provided the record is played at the 
right speed, and the motor inside the 
record player turns the turntable 
smoothly, the frequency of the sound 
should not alter. However, the volume 
of the reproduced sound depends on its 
frequency. 

The overall response of the system, 
from the recording microphone to the 
reproducing loudspeaker, should be 
‘flat’ — i.e. the same for all frequencies. 

But in practice the frequency re- 
sponse is altered during recording, 
and altered back again when the 
record is reproduced. This is aimed to 
reduce distortion and noise’. More 
noise is inherent in recording at 
higher frequencies, so these are rela- 
tively ‘boosted’ during recording. 
They are attenuated, to exactly com- 
pensate, in the record reproducing 
system. 

If it does not completely com- 
pensate, extra components can be 
added to the amplifier circuits to make 
it just balance. These components, 
usually capacitors and resistors, form 
the fone control of the record player. 

The crystal or magnet in the pick-up 
head may also be affecting the fre- 
quency response, and this, too, can be 
compensated in the amplifier circuits. 


COILS OF 
WIRE 


POLE 
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The moving part is a magnet, rotating 
as the stylus moves. It rotates inside a 
coil of wire, and induces electric 
currents in the coil. 


MAGNETIC 


? 
STYLUS WIGGLES 
“y” (THE MOVEMENT IS 

EXAGGERATED) 


Movement to one side produces a 
current in one direction. 


MAGNET ROTATES 
IN OPPOSITE 
DIRECTION 


Movement to the other side causes a 
current in the opposite direction. This 
is the way alternating currents are 
produced. 


Making the Record 


All records are copies of the master 
copy, made from a tape recording of the 
actual sound. Amplified eléctric cur- 
rents from the tape recording are used 
to make a heated diamond stylus 
vibrate. So it cuts a wiggly spiral 
groove in the lacquer covering the 
aluminium disc, forming the master 
copy. The master copy is subsequently 
electroplated, and copies of it are 
finally pressed in a vinyl resin (for 45 
and 335 r.p.m. records), or shellac (for 
78 r.p.m.). 


| ORGANIC CHEMISTRY 


The AMIDES 


N amide is a chemical compound with a dual personality. 
A compound can behave either like an acid or like a 
base. Alternatively, it can behave as neither and be neutral. 
But the amides manage to be both acidic and basic at the 
same time because there are two parts to their molecules 
— one part acidic and the other part basic. The word used 
to describe substances like this is amphoteric, a word which 
means that a substance can, given the right conditions, 
behave either as an acid or as a base. 
An amide molecule consists of a string of carbon atoms 
with the last of the string attached to an oxygen atom and 
an NHg group. Acetamide is the simplest amide. It smells of 
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Acetamide can be consid- 
ered as a derivative of 
ammonia. Remove —H and 
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When acetamide is refluxed 
with an acid, it returns to 
acetic acid. 


With alkalis. 
given off. 


ammonia is 


mice, but in fact the smell is caused by an impurity formed 
in its making. When well purified it has no smell. Its 
formula is CH;CO.NHg. Acet-, the first part of its name 
tells that it could have been derived from acetic acid 
CH;COOH. Remove an OH and put an NH group in its 
place. This is, in fact, one way of making acetamide. The 
starting material, glacial (pure) acetic acid, is heated with 
some ammonium carbonate for several hours so that none 
of the vapour given off can escape, but is condensed and 
drips back again into the mixture being heated. This kind 
of treatment is known as refluxing. 


Acetamide CH3.CO.NH, “Smells of mice 
because of an impurity formed when it was 
made. Many amides smell of mice for this 
reason. 


The last part of the name — amide, tells that the compound 
is a derivative of the alkali ammonia, NH3. Take one of the 
hydrogen atoms away and replace it by the group of atoms 
CH;.CO. Although ammonia is used in some methods of 
preparing amides, this replacement cannot be done 
directly, but has to be done in several easy stages. 

With litmus, the two conflicting parts of the molecule 
cancel each other out. Solutions of amides are neutral to 
litmus. 

There are no great manufacturing plants for making 
amides. Industrially they are of little importance. But very 
often in organic chemistry a particular compound is not 
made directly but is made by a series of reactions, altering 
the molecule a little each time. If a carbon chain is one 
carbon atom too long, the trick for removing the carbon 
atom is to make the substance into an amide and then heat 
it with an alkaline solution of bromine. CHs.CO.NH, 
becomes CH3NHg,. A carbon atom and an oxygen atom 
are lost. 
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PROPERTIES OF MATTER| 


OR a long time it has been known 
that the volume of a gas may be 
increased by reducing its pressure or 
by raising its temperature. As long ago 
as 1662 Robert Boyle had found a way 
of linking mathematically the pressure 
and the volume of a gas kept at a 
steady temperature. Over a hundred 
years later Jacques Charles discovered 
the connection between the volume 
and the temperature of a gas, pro- 


Preparing a radw sonde for ascent. While the balloon is being filled with hydrogen from 
the cylinder, the gas volume increases as its pressure is reduced. Variations in volume as 
pressure and temperature change with height can be predicted by the gas equation. 


viding its pressure stays the same. 

The two laws which summarise 
these discoveries can be used to calcu- 
late the new volume of a gas whenever 
its temperature or its pressure is 
altered. They are quite satisfactory 
for working out what will happen 
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when either the temperature or the 
pressure of the gas (but not both) 
changes. However, it frequently hap- 
pens in practice that both the tempera- 
ture and the pressure of the gas are 
changed at the same time, and each 
one has its effect on the volume of the 
gas. 

These problems may be solved in 
two stages. First of all, by using 
Boyle’s law, the effect of the pressure is 
found. (The volume of the gas is 
reduced by increasing the pressure). 
During this stage it must be assumed 
that the temperature is constant. 
Then, in the second stage the pressure 
remains the same and Charles’ law is 
used to find how the new volume is 
altered by changing the temperature. 
(By increasing the temperature, the 


>. - 
volume of the gas increases). 

Although this method gives satis- 
factory results, it is rather clumsy to 
use. But quite soon it was realized that 
the two laws could be combined into 
one single law linking pressure, volume 
and temperature. It was in 1802 that 
Joseph-Louis Gay-Lussac demon- 
strated this. Both laws can be expressed 
in a single equation known as the gas 
equation. 

Boyle’s law, Charles’ law and the 
gas equation derived from them were 
discovered and verified by careful ex- 
periment. However, they have now 
been fully justified by the kznetic theory 
of gases. In this theory it is assumed 
that the molecules of all gases are in 
ceaseless motion in space. The kinetic 
energy of the molecules depends on the 
temperature of the gas. The hotter the 
molecules are, the faster they move. 
These molecules are considered to be 
perfectly elastic so there is no loss in 
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Boyle’s Law 


This states that the volume of a fixed 
mass of gas is inversely proportional to 
the pressure. It applies only if the tem- 
perature of the gas remains the same 
while the changes are taking place. The 
law may be represented by a mathe- 
matical equation— 


P x V = constant 


where P and V represent the pressure 
and volume, respectively of the gas. 
For a particular mass of gas this equa- 
tion may be extended— 


PVi == PV, = PV, = a6 
where P,, P, and P, are three different 
pressures and V,, V,, and V, are the 
three volumes which the gas occupies 
at these pressures. 
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Charles’ Law™ 


This states that the volume ofa fixed 
mass of gas is directly proportional to 
the absolute temperature. It applies only 
if the pressure of the gas stays the same 
while the changes are taking place. The 
law may be represented by the mathe- 
matical equation— 


¥ = constant 
ai 


where V and T represent the volume 

and absolute temperature respectively 

of the gas. This same law may be ex- 

tended to give an equation linking the 

volumes V,, V, and V, occupied by the 
as at three different temperatures T,, 
2 and T, on the absolute scale. 


cules occupy. 

At ordinary temperatures and at 
moderate and low pressures, the actual 
effects of varying temperature and 
pressure coincide fairly closely with 
those predicted by the gas equation. 
Deviations are rather greater at high 
pressures since the volume of the gas 
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A fall in temperature causes the pressure of 
air in tyres to decrease. 


molecules themselves can no longer be 
ignored. Furthermore, if the tempera- 
ture is low while the pressure is high, 
forces of attraction between the mole- 
cules (which are close together) upset 
the motion of the molecules and the 
collisions between them. 

Many attempts have been made to 
modify the gas equation to take into 
account the effect of the finite volume 
of gas molecules and of the inter- 
molecular forces between the mole- 
cules. One of the first equations to do 
this was proposed by Johannes van 
der Waals in 1872. A number of more 
satisfactory equations have been 


derived since then, one of the best 
being due to Kamerlingh Onnes. 


This same result may be 
quickly using the Gas Eq 
en ogee 


So the final volume of the gas is 
131-25 cc. s 
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BIOLOGY 


INSECT 


MUSICIANS 


HE chirping of grasshoppers is a 
familiar sound to anyone who 
visits the countryside in summer, 
although less common now than be- 
fore the introduction of synthetic in- 
secticides. These are killing a great 
many useful and attractive insects. 
Grasshoppers are perhaps the best- 
known of the insect musicians but they 
cannot compete in volume with the 
cicadas. The latter are the noisiest of 
insects and can keep up their shrill 
‘song’ for very long periods. Cicadas 
are bugs and are common in Southern 
Europe and many other parts of the 
world. They congregate in their thou- 
sands in the trees and bushes and make 
such a din that it is a relief to leave the 
wooded areas behind. One is left in no 
doubt at all that insects can produce 
sounds. 


While the various sounds produced 
by insects are not exactly musical there 
are strong resemblances between the 
ways that they are produced and the 
ways that musical instruments produce 
sounds. The grasshoppers and crickets 
produce sounds by rubbing two parts 
of the body together to set up vibra- 
tions. This is called stridulation. The 


The short-horned grasshoppers stridulate 
by moving their hind-legs against ridges on 
the wings. Tiny pegs on the legs create 
vibrations just as the teeth of a comb produce 
vibrations when they are drawn along the 
edge of a prece of card. 
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REGION OF 
FILE AND 
SCRAPER 


A bush-cricket — 
one of the long- 
horned grasshop- 
bers that stridulate 
by rubbing the base 
of the front wings 
together. 


stridulating insects correspond to the 
stringed instruments of the orchestra 
which produce sound when a bow is 
drawn over the strings, or when the 
strings are plucked. 

Insect drummers are represented by 
the cicadas. They possess thin mem- 
branes that act rather like drum-skins 


and vibrate rapidly when stretched by 
muscles. A few insects produce sounds 
by passing air in and out of their 

odies. These represent the wind 
se@tion of the orchestra. There are 
vafieus other sounds that are not pro- 
ducé@by special mechanisms but are 


A close up of the ‘file’ of a bush-cricket’s 
wing and a record of the sound produced 
by a complete movement of one wing over 
another. Each tooth on the file produces 
one oscillation of the record as it stikes the 
opposite ridge. 
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incidental to other activities. The hum 
of a flying insect is a good example, 
being produced by the rapid vibration 
of the wings. 

Stridulating insects (The ‘strings’ 
of the orchestra) 

The majority of insect sounds are 
produced by rubbing one part of the 
body (the scraper) against another 
(the file). This method is particularly 
common among the Orthoptera — the 
group of insects that contains the grass- 
hoppers, crickets and katydids. The 
chirping ability is usually developed 
only in the male of the species and it is 
probably concerned with finding a 
mate. 


Among the short-horned  grass- 
hoppers the song is usually produced 
by rubbing the back legs against the 
wings. Tiny pegs strike the hard wing- 
ridges and set up vibrations, which are 
transmitted as sounds. A very similar 
sound can be obtained by rubbing the 
teeth of a comb along the edge of a 
piece of cardboard. Crickets and long- 
horned grasshoppers produce their 
songs by rubbing the margins of the 
two front wings together, and there are 
many more variations. 

The various species often have 
characteristic songs that differ from 
one another in length, frequency of 
repetition and pitch. Experts can dis- 
tinguish between several species just 
by listening to the songs. Modern 
techniques of sound recording have 
enabled scientists to analyse the sounds 
which are sometimes very compli- 
cated. Each chirp is a pulse of sound 
produced by the passage of the scraper 
over the file. The pulse of sound con- 
tains several oscillations — one for each 
peg that strikes the file. Every time a 
peg sets up vibrations in the ridge, 
these vibrations are transmitted to 
other parts of the body, too, and be- 
cause these vibrate at different rates, 
the sound contains several different 
frequencies. The smaller the vibrating 
body, the higher the pitch of the note. 

Another interesting feature is the 
way in which temperature affects the 
song. On a summer evening, the 
crickets may chirp very rapidly but 
the rate falls appreciably as the air 
cools down and night falls. 

Various beetles, bugs and ants also 
stridulate. The structures concerned 
may be wings, legs or body. Both sexes 
may be able to produce sounds. 
Insect Drummers 

Sound production with a vibrating 
membrane is found only in the cicadas 
and related bugs. On each side of the 
front of the abdomen there is a curved 
circular membrane (tymbal) corres- 
ponding to the drum-skin. Sound is 
produced, not by hitting the mem- 
brane but by bending it rapidly in and 
out. A muscle attached to the inside-of, 
the membrane contracts and the mem- 
brane is pulled inwards. This produces 
a pulse of sound rather like that pro- 
duced by denting a tin-lid with the 
fingers. 


When the muscle relaxes, the mem- 
brane springs outwards giving out 
another pulse of sound. The muscle 
alternately contracts and relaxes 100 
or more times every second. To the 
human ear, this rapid oscillation of the 
membrane produces a continuous high 
pitched sound resembling that emitted 
from a badly tuned radio receiver. 
Only in a few species of cicada do the 
females sing. This ability is normally 
confined to the male. It appears that 
the song attracts other members of the 
same species. The nature of the song 
varies between species. 

Another form of drumming is fognd 
in some insects that knock somefpart 
of their body against some othen@bject. 
The best-known of these inseéts is the 
Death-watch Beetle. The ddults tap 


The cicada’s song is n@ade by rapid 
oscillations of a tiny memBfane on the body 
surface. Each movemené making a sound 
rather like that made By denting a tin lid. 
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their heads against the wooden beams 
among which they are normally found. 
It is thought that the sounds attract 
insects of the opposite sex. 
Other Insect Sounds 

Various flies can make sounds by 
passing air in and out of their breath- 
ing pores (spiracles). Tiny flaps of tissue 
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AN ADULT 
CICADA 


vibrate as the air passes over them and 
they produce the sound. The Death’s 
Head Hawk Moth has a_ unique 
ability to produce sound with the front 
part of the food canal. This is a close 
parallel with the human voice box. 

Many insects make sounds while 
flying. These are due to the rapid 
vibration of the wings and, in some 
cases, to vibrations of the hard external 
skeleton caused by flight movements. 
The higher the frequency of wing beat 
the higher the pitch of the sound pro- 
duced but it is not always a simple 
relationship: there are other factors in- 
volved. Little is known, as yet, about 
the mechanism of flight noise but 
modern photographic techniques are 
helping biologists to understand it. It 
appears that the flight noise of the 
female mosquito attracts the male who 
detects the sound with his feathery 
antennae. 


The field cricket chirps by rubbing one wing-base over another. At approaching danger it 


scuttles back into its hole in the ground. 
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Leslie’s Cube Experiment 
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BLACK BODIES-the Perfect 


WHITE or light colours are the 
coolest to wear during hot 
weather. White material reflects most 
of the sunlight and heat rays striking it. 
Very little light and heat radiation is 
absorbed by the material, so very little 
reaches the person wearing the clothes. 
White things reflect white sunlight 


Dark 
clothes reflect tt. 


clothes absorb radiation, white 


towards the eyes of the person looking 
at them. This is the reason why they 
appear white. Black is just the oppo- 
site, because it reflects no light at all. 
Black clothes are uncomfortably hot to 
wear on hot days because they absorb 
light and heat radiation. 

A perfect black body is the name given 
to an object which absorbs every bit of 
radiation falling upon it. No perfect 
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black body exists, for to be one, a 
black body must not only look black. It 
has to be ‘black’ to all kinds of heat 
radiation as well. Even soot is not per- 
fect in this respect, because it does 
reflect some radiation. A black body is 
an idealized object, but it is important 
in the study of radiant heat and light. 


Good absorbers are good 
emitters 


As a black body absorbs radiation, 
it collects energy (heat and light are 
both forms of radiant energy). A body 
which is steadily accumulating energy 
soon becomes hot, and this cannot go 
on indefinitely. So the black body gets 
rid of its energy by radiating it. 

The absorbed energy is given to the 
atoms of the black body. They become 
hotter, vibrate, and eventually radiate 
the extra energy they have collected. 

If the black body absorbs more than 
it gives out, it gets hotter. Ifit gives out 
more than it absorbs, it cools down. 
When the amount of energy emitted 
exactly equals the amount absorbed, 
the black body becomes neither hotter 
nor colder. It stays at the same tem- 
perature, the temperature of its im- 
mediate surroundings. 


The balance between absorbed and 
emitted radiation applies to all things, 
not just to black bodies. But if the 
black body is absorbing more of the 
radiation than anything else, it must 
be emitting more radiation than any- 
thing else. Good absorbers of radiation 
are good emitters of radiation. 

It is easy to prove that black bodies 


are better absorbers than white bodies 
because their temperatures rise more 
quickly. It is more difficult to imagine 
radiation streaming away from a black 
body. When the temperature of the 
black body is below a few hundred 
degrees centigrade, the radiation com- 
ing from the black body is in the form 
of invisible heat radiation (infra-red 


Black is better than white for heating radiators. Black bodies are the most efficient 
radiators of heat. 


Radiators 


radiation). Although it cannot be seen, 
the radiation can be detected by other 
means. In a thermopile a small disc of 
soot-blackened metal collects the 
radiation from the black body under 
investigation. The soot-blackening ab- 
sorbs the heat radiation, and transfers 
it to the conducting metal. It heats the 


@ RADIATION 


RADIATION EMITTED 


ABSORBED 


When it reaches room temperature, the 
cube emits all the radiation it absorbs.Then 
its temperature remains the same. 


joint between two different metals (a 
thermocouple). The heating causes an 
electric current to flow around a cir- 
cuit connected to the metals, and the 
current deflects a sensitive galvano 


White and shiny surfaces reflect radiation. 
Black surfaces give out radiation. 


meter (a current measuring instru- 
ment). 

The thermocouple acts as a thermo- 
meter, for the current flowing is 
directly dependent on the temperature 
of the hot joint of the thermocouple. 
This in turn depends on the heat 
absorbed by the soot-blackening in 
front of the thermocouple, and finally 
on the amount of heat radiated by the 
black body under investigation. 


Leslie’s Cube 


The traditional experiment to show 
that black, matt surfaces radiate better 
than any others used a very simple 
piece of apparatus. It is a hollow metal 
cube, and its sides are given different 
finishes. One is shining and polished, 
another is scratched, another is black 
but shining, and a fourth is given a 
black matt coating of soot. 

The cube is filled with boiling water 
to heat it. The hotter the cube be- 
comes, the more heat it emits, and the 
easier the radiation will be to detect. 

The thermopile is positioned a few 
inches away from the cube, which is 
swivelled round so that different faces 
are sending radiation towards the 
thermopile. The bright shiny surface 
causes the least deflection of the 
galvanometer. It gives out the least 
radiation. The scratched surface is the 
next best at radiating, and the matt 
black surface is better than the shiny 
black surface. 

Admittedly the shinier surface looks 
as though it is emitting the most light. 
But the shininess is not caused by 
emitted light. It is merely caused by 
reflection. A shiny surface, however 
black, can be neither a perfect ab- 
sorber, nor a perfect radiator. 


The nearest approximation is a hole 
in asmall metal cavity, with walls lined 
with black carbon. The outside of the 
cavity can be heated to any set tempera- 
ture, and after some time, the inside 
of the cavity is at the same temperature 
as the outside. The inside of the cavity 
is completely black, because there is 
only one tiny hole in it. The radiation 
coming out of this hole is true black- 
body radiation. 


Reflection. 

When light or heat is 
reflected at any surface, it does not pass 
through the surface at all. It bounces 
off the outside, and so has virtually no 
heating effect. 


S 


Absorption. 


Here the radiation 
enters the substance. Its energy is 
shared among the atoms and makes 
them vibrate, with the result that the 
substance becomes hotter. 


&- 


Radiation. 


Vibrating atoms can 
emit light and heat radiation. The radia- 
tion is sent out in all directions. 


PALAEONTOLOGY 


ARTH movements and mountain- 
building at the end of the Silurian 
period have resulted in the lifting up 
of large areas of sea-bed, especially in 
the Northern Hemisphere. The new 
land is traversed by rivers and streams 
and dotted with lakes and swamps. 
This is the Devonian Period. As yet, 
the land surface is quite bare; only a 
few plants are to be found there. Life 
is centred in the waters of the rivers 
and lakes where numerous fishes swim. 
Some of these fishes are heavily 
armoured and have no jaws. They feed 
by sucking up mud from the bottom 
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and extracting food. Other fishes have 
jaws; they are less heavily armoured 
and swim freely in the waters. There 
are two main groups — those with ray- 
fins and those with fleshy-lobed fins. 
The climate is mainly warm and 
dry: rivers and lakes periodically dry 
up. Many fishes are stranded or die 
through lack of oxygen in their shrink- 
ing lakes. But the fishes with lobed fins 
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THE SKELETON OF 
A RAY-FIN 


survive because they can gulp air into 
their air-sacs, which act as lungs. They 
can also move about on their fins and 
perhaps find plenty of food in the form 
of dead and dying fish. Some of these 
animals actually leave their drying 
pools and wander over the land in 
search of new stretches of water. Many 
of them die, but those that can survive 
the longest may find water and con- 
tinue to live and produce young. 
These young grow up and sometimes 
experience drought. Their drought- 
resisting ability saves them and the 
race continues to exist. Very slowly 
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the ability to survive and move on 
land improves: the fins gradually be- 
come modified into legs. The new 
animals are the first amphibians. They 
can live on land but are at home in the 
water and must return there to breed. 

The above is a widely accepted 
theory of the origin of amphibians — 
the first land vertebrates — but where 
is the evidence ? 


The Australian lungfish can crawl about 
on the mud and this supports the theory of 
amphibian descent from lobe-finned fish. 
The bony skeleton of the lobe-fin (right) ts 
very different from that in the fins of 
other fishes. 
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SERRE RINNED FISHES 
“TP5° “CANNOT SURVIVE IN DRYING POOLS 


Many of the Devonian rocks are red 
in colour. Present-day hot, dry regions 
frequently contain red sands and it is 
fair to assume that Devonian rocks 
were formed under mainly dry condi- 
tions. The presence of salt deposits also 
indicates evaporation of water (i.e. 
drying of lakes, etc.). These deposits 
contain numerous fossils which show 
that the ray-finned and _ lobe-finned 
fishes were common. 


LOBE-FIN IS ABLE TO LIVE OUT 
OF WATER 


Careful examination of some fossils 
shows that the lobe-finned fishes pos- 
sessed air-sacs opening into the throat. 
In this respect they resemble the 
modern lungfishes which also live in 
regions subject to seasonal drought. 
The lung-fishes gulp air and can sur- 
vive for a while out of water. The 
Australian lungfish can use its fins to 
crawl about on the mud. It is reason- 


THE SKELETON 
OF A LOBE-FIN 
FROM WHICH THE TYPICAL 
FIVE-FINGERED LIMB DEVELOPED? 


able to expect that the ancient lobe- 
finned fishes behaved in this way. This 
sort of evidence strongly supports the 
theory of the origin of amphibians. 
More evidence in favour of the 
evolution from lobe-fin fishes comes 
from the Upper Devonian rocks of 
Greenland. Here, there are some re- 
markable fossils, believed to be about 
300 million years old. The bones of the 
skull and of the spinal column show 
striking resemblances to those of the 
lobe-finned fishes. The presence of five- 
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water. Even the present-day frogs and 
toads have, with few exceptions, to 
return to water to breed. The young 
stages (tadpoles) live in water and 
breathe with gills in much the same 
way as fishes. 

The living amphibians make up 
only a small fraction of the modern 
animal world but they are far from 
being ‘surviving relics’. They are 
highly specialised animals, well ad- 
apted for the lives they lead. A modern 
frog is different indeed from its primi- 


CHTHYOSTEGA 

AN FARLY AMPHIBIAN 
RESeMBLING CLOSELY THE 
LOBE-FINNED FISHES 


In open waters, the ray-finned fishes were able to compete successfully but when the waters 
became shallow and crowded, the lobe-finned fish were at an advantage. They could breathe 
air and when the water dried up they could probably survive. This type of animal evolved 


into the primitive amphibians as above. 


fingered limbs and strong limb girdles, 
however, are definite amphibian fea- 
tures. These animals (e.g. Ichthyostega) 
certainly merited the term ‘missing 
link’, although they are not thought to 
be the actual ancestors of modern 
animals. There is then, a wealth of 
evidence showing how the amphibians 
probably arose. 

Remains in the Devonian and Car- 
boniferous rocks indicate that, for 
many millions of years, the amphibians 
remained fish-like although the limbs 
were developing into the typical five- 
fingered form. Gradually, the more 
terrestrial types evolved. The skeleton 
and, probably, other features became 
more suited for life on land. The 
amphibians, however, never came to 
dominate the Earth in the way the 
reptiles did later. The amphibians 
were tied by the fact that they could 
never completely escape from the 


A typical Devonian scene with drying pools 
and marshes. The plants are known from 
fossil remains.That the land was dry 1s 
known from the red rocks and beds of salts 
deposited by evaporating water. 
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A modern frog, very different from the early 
amphibians. 


tive Devonian ancestor. 

At some point way back in time, a 
group of amphibians developed a more 
waterproof covering and began to lay 
eggs that could survive on land. These ~ 
animals were the ancestors of the 
reptiles which came to dominate the 
Earth during the Mesozoic Era (Middle 
Life Age, between one and two hun- 
dred million years ago). Other groups 
of early amphibians gave rise to the 
ancestors of modern forms, while a 
great many of them died out at the end 
of the Palaeozoic Era. 


| METEOROLOGY 


The FORMATION 
of FOG 


ARM air can hold more water 
vapour than cold air. As warm, 
moist air cools, there comes a point 
(known as the dew-point), below which 
it can no longer hold all of its moisture 
in the form of vapour. The excess water 
vapour then condenses on airborne 
particles (condensation nucler) into cloud 
droplets. The visible mass of droplets 
suspended in the air forms a cloud 
when it appears at higher levels of the 
atmosphere, and a fog when formed 
just above the ground or sea. 

Fog cannot form unless the air in 
contact with the ground or sea is 
cooled. Two ways of cooling dis- 
tinguish the two main types of fogs, 
advection fog and radiation fog. In advec- 
tion fog, the air shifts from a warm 
surface to a cooler surface, so it is 
cooled when it moves. 

However, the air must be practically 
stationary before radiation fog can 
form. The moist air is trapped near 
the ground, and the lower layers of it 
are cooled when the land cools, Most 
sea fogs are advection fogs, while the 
fogs which form during cold nights 
over land are mainly radiation fogs. 


Sea fogs 


True sea fog occurs when a mass of 
air, warmed and moistened by its 
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passage Over warm seas, meets a cold 
ocean current. The air is suddenly 
cooled, and the excess moisture con- 
denses on salt particles suspended in 
the atmosphere. The coast of Cali- 
fornia is noted for its summer sea fogs. 
Here warm sea air blows over the cold 


California current. Fog forms over the 
cold current, and then rolls in over the 


coast. 


No fog 


without water . . 
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Sea fog is formed when moist 
warm air crosses over a cold 
current. 


If the sea air blows over cold land, 
the same thing happens. The air is 
suddenly cooled from below, and its 
excess moisture condenses. However, 
fog can persist over land only when the 
air is calm. If the breeze freshens, the 
fog disperses. Irregularities in the 
Earth’s surface — hills or buildings — 
break up the steady flow of air. During 
the resulting turbulence the trapped 
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Air blowing out from the tropics is gradually cooled. Fog forms over the sea, and, if the 


breeze is light enough, over the land. 


moist air mingles with warmer air 
above it. The fog can be lifted away 
from the ground and dispersed. 

A similar kind of fog is called tropical 
air fog. It is the most common type of 
fog over the open sea. The essence of its 
formation is a gradual cooling as warm 
moist air from the tropics blows to 
cooler latitudes. This can happen over 
both land and sea, but the fog is more 
likely to persist over the sea because 
the sea surface is comparatively flat, 
and does not cause much turbulence, 
even when the wind is fresh. 


Radiation fogs 


Land cools more quickly than sea, as 
it radiates heat outwards. On a 
wintry night, when there is no insulat- 
ing cover of cloud, the radiated heat 
gets away. Consequently the land cools 
more quickly, and it cools the layers of 
air immediately above it. Cold dense 
air near the surface is trapped under- 
neath warmer air above (since air will 
only rise above air cooler than itself). 


If the air near the surface is loaded 
with water vapour, the water vapour 
is also trapped, so fog may form. A 
breeze releases the trapped air, by 
mixing it with the warmer air above. 


The start of the cloud droplet 


Even if there is no wind, the land is 
cool, and the air contains some water 
vapour, fog may still not form. The 
additional factor is a large number of 
condensation nuclei — salt particles or dirt 
and smoke particles. Without these the 
vapour is forced to stay as vapour. 

Water vapour is made up of indi- 
vidual molecules of water, which are 
exceedingly small. The cloud droplet 
is many times bigger. A large number 
of molecules cannot simply join to- 
gether to make up a cloud droplet. A 
larger particle is needed as the starting 
point, and this is the condensation 
nucleus. 

Over the sea there are usually 
plenty of salt particles to form con- 
densation nuclei. Over land, and 


Radiation fog forms over land when it cools during the night. The fog forms underneath. 
the temperature inversion. Right: Fog tends to form in industrial areas, where there are 


plenty of smoke and dirt particles in the air. 
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Mountain Fog 


Fog and clouds are both condensed 
water vapour. The only difference be- 
tween them is the height at which they 
appear. Mountain fogs are usually 
douds coming down low and envelop- 

‘ing the top of mountains. Alternatively 
they can be formed on the seaward 
slope of the mountain. Warm moist air 
blowing in from the sea is forced to rise, 
and as it rises it cools. The air expands 
as it rises, because the pressure at 
higher levels in the atmosphere is 
lower. Some of the moisture it con- 
tains then condenses to form fog. 


especially in industrial areas, there is 
plenty of smoke and dirt. This is the 
reason why fog tends to form so easily 
in industrial areas. On cool nights the 
smoke is trapped with the cold air near 
the ground. The resulting dirty mix- 
ture of fog condensed on smoke 
particles is called smog. 


Saturation and Temperature 


The percentage of water vapour which 
air can hold depends on the tempera- 
ture of the air. Air which is full of water 
vapour is called saturated. But the 
colder the air, the less water vapour it 
can hold before becoming saturated. 
A mass of warm moist and unsaturated 
air gradually becomes saturated as it is 
cooled. The temperature at which it 
becomes saturated is called the dew- 


point. : 


1531 


and the 
Metallurgist 


HE subject of metallurgy covers a 
vast field and the metallurgist 
today may find his work taking him 
all over the world, from the copper 
mines of the Congo to the steel works 
of Sheffield. The subject is so large 
that, while a student will learn some- 
thing of all the aspects of metallurgy, 
when he has qualified he will usually 
specialise in that field or subject which 
interests him most. 

Normally, metallurgy may be sub- 
divided into two parts. Ferrous metal- 
lurgy, which is that dealing with iron 
and steel, and non-ferrous metallurgy, 
which covers the rest of the metals. ‘The 
fact that iron and steel should be con- 
sidered alone gives some idea of the 
size and importance of the iron and 
steel industry in the world. Iron is the 
most useful metal we have and, after 
aluminium, it is the most plentiful. 
Four parts in one hundred of the 
Earth’s crust are iron. 

With a few exceptions, such as gold, 
metals are not found in nature in the 
metallic state but as an ore, which may 
be an oxide, sulphide, or some other 
chemical combination of the metal. 
This ore must be mined and then pro- 
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extraction metallurgist, and the 
nethods employed differ with various 
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No one wants accidents like the failure of this bridge. It is the job 
of the metallurgist to study metal failure and prevent it from 


i 
FATIGUE HAS C 
THESE TWO PIEC 
METAL TO FAIL 


MICROSCOPIC EXAMINATIC 
HELPS THE METALLURGIST 
TO WORK OUT WHY THEY 
HAVE FAILED. 


sometimes the ore sinks. It is the job of 
the metallurgist to experiment in the 
laboratory on small samples of ore to 
find the best way of doing this and also 
control operations when they are per- 
formed on a large scale. 

The next stage is to convert the ore 
to crude, impure metal. This is done 
by a process called smelting. Smelting 


The electron microscope with magnifications of more than 100,000 1s of great help to the 


metallurgist in studying metallic structures. 


and rubble, which must be removed. 
This process is known as dressing the ore. 

Firstly, it is usually crushed into 
pieces of a manageable size. The next 
stage is the removal of the dirt and 
worthless matter and this is sometimes 
done by a process called flotation. This 
depends on the fact that different 
minerals have different wetting charac- 
teristics and under the right conditions 
in a bath of liquid, the valuable ore can 
be made to float off in a froth while the 
worthless rock sinks to the bottom, or 


furnaces differ in design depending on 
the ore to be treated, but the most 
widely known is probably the blast 
Jurnace used for iron. 

It is the job of the metallurgist in the 
smelting works to ensure that this pro- 
cess runs correctly. He must analyse 
the iron ore fed in and calculate the 
quantities of coke and_ limestone 
needed to deal with it. Then he must 
examine the output of pig iron to make 
sure it is the correct quality. 

From the smelting works the crude 


metal must then be purified or refined. 
This again may be done in one or more 
of a number of different ways. Some- 
times the crude metal is remelted and 
air blown through it to oxidize the im- 
purities and thus burn them off. An- 
other method, as used for copper, is to 
cast the crude metal into slabs which 
are then refined by electrolytic methods. 

The slabs are placed in a suitable 
chemical solution (containing copper 
sulphate) together with thin sheets of 
pure copper. They are then connected 
in circuit to a direct current supply, 
the impure slabs to the positive, the 
pure sheets to the negative. Pure 
copper is then removed by the passage 
of current from the impure slabs, now 
called the anodes, and deposited on the 
pure copper sheets, now called the 
cathodes. By controlling the voltage 
only the copper is deposited, the im- 
purities either remaining in the bottom 
of the tank as a sludge or dissolving in 
the solution. Again, it is a metal- 
lurgical problem to find the best way of 
economically recovering any precious 
metals from the sludge at the bottom 
of the tank. 

At the end of the refining process 
the relatively pure metal is obtained. 
This may now be used in its present 
form or remelted and mixed with an- 
other metal, or metals, to form an alloy. 
This may then be cast into a mould 
which is the shape of the finished pro- 
duct or a convenient shape for future 
processing. The work of melting and 
casting is carried out in a foundry and 
the metallurgist here is responsible for 
the control of the melting, alloying and 
casting procedures. He must also be 
experienced in mould design, and 
must be able to recognize and rectify 
faults that may appear in his castings. 

Metals which are not cast into their 
final shapes are usually cast into slabs 
or bars for further treatment by rolling, 
forging etc. This is known as mechanical 
treatment. 

The metal or alloy may now be 
either rolled to sheet in a rolling mill, 
forged under a power hammer, or 
drawn to wire by pulling it through a 
series of dies of decreasing sizes. All 
these processes must be performed 
economically and the works metal- 
lurgist is responsible for seeing that 
this is done. He must calculate, for 


FIRST OF ALL 
THE FLAME 


Metal surfaces can be hardened by heating 
and quenching with water. (Right) A 
photomicrograph of a gear tooth hardened 
in this way. The electron microscope reveals 
which parts have been hardened. 


example, how mucha slab of metal can 
be rolled before it needs annealing, or 
softening, in a furnace, as most metals 
become hard and will crack if they are 
worked too much. On the other hand 
annealing costs time and money and 
therefore must not be done more often 
than necessary. 

Finally, one of the most important 
fields is research. This may be applied 
research, dealing with problems directly 
related to industry and the improve- 
ment of products, or it may be funda- 
mental research, which is concerned with 
the basic reasons for metals behaving 
the way they do. 

In industry the metallurgist may be 
called upon to solve a problem that is 
holding up a production line, or his 
more routine work may be to check 
the quality of products from the line. 

Most of the equipment used and the 
methods employed however, are much 
the same whatever the nature of the 
research. Only the application of the 
results may differ. The industrial man 


In the metallurgical laboratory, this section 
of rail which showed no signs of flaw was 
etched with acid, inked and a print taken 
of it. The flaw in the metal now shows up 
clearly. 


HARDENED 
LAYER 


HARDENED 
METAL 


may, for instance, measure the hard- 
ness of a piece of metal to ensure that 
the required standard is being main- 
tained. His counterpart in pure re- 
search may use a change in that same 
property, which he can measure easily, 
to indicate a change that has occurred 
within the structure of the metal 
which he cannot see directly. 

One of the most important tools 
available to the metallurgist is the 
microscope and the development of the 
electron microscope, with magnifica- 
tions of more than 100,000 times, 
greatly aided the study of metallic 
structures. 

Another very important field is the 
study of corrosion and the develop- 
ment of corrosion-resistant alloys for 
various applications. Most common 
metals are attacked and corroded 
under certain conditions. It may be 
sea water attacking the tubes in which 
steam from a ship’s boilers is condens- 
ing or the attack of moist earth on 
underground electric cables. The dam- 
age caused by corrosion costs millions 
of pounds a year. 

Future work in research looks even 
more interesting as space travel and 
the use of nuclear power are developed 
and it becomes impossible to use every- 
day materials at the high tempera- 
tures and conditions of radiation that 
will be encountered. 
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RGS_ARE CARRIED 
URRENTS INTO 
IE Ss 


CURRENTS are the driving force of 

the oceans. With the help of tides 
and waves they keep the 300 million 
cubic miles of sea water in permanent 
motion. They flow at all levels — in the 
ocean depths as well as the surface 
waters. The surface currents are 
caused mainly by winds; deeper cur- 
rents depend more upon variation in 
the properties of the sea water. The 
paths of currents and the directions in 


Map of surface currents in the oceans 
during January. They form a series of 
nearly closed loops, turning clockwise to 
the north of the Equator and anti-clockwise 
to the south. These patterns are caused by 
the prevailing winds of the Earth. In Fuly, 
the Indian monsoon winds blow towards 
the east and the monsoon drift changes its 
direction. 


which they flow, have marked effects 
on climate, navigation, and fishing 
grounds. 
Surface Currents 

Apart from rippling the surface of 
the sea as waves, the wind can also 
drive the water forward as surface 
currents. The great surface currents of 
the ocean, such as the Gulf Stream, are 
set up by the strong prevailing winds. A 
map of ocean currents and a map of 
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prevailing winds therefore roughly 
coincide. Wind systems such as the 
monsoon winds of the Indian Ocean, 
change direction according to the 
season. Their associated currents be- 
have in a similar manner. 

Though the first movement of water 
is in the same direction as the wind, 
the current as a whole does not follow 
the same path; another force becomes 
involved — the Coriolis force. The Cori- 


A direct method of studying deep-water currents is to use buoyancy tubes (right) tach tube 
is weighted so that it will float at a chosen level. Sound waves are emitted and can be picked 
up by recevers in ships at the surface (left). The movements of the tubes and thus the speed. 


and direction of the current becomes Anown. 


olis force is caused by the actual 
spinning of the Earth on its axis. It acts 
upon all bodies that move on the 
Earth’s surface. Its influence is zero at 
the Equator and greater at the Poles. 
Water in the northern hemisphere 
tends to flow towards the right. In the 
southern hemisphere the water is 
directed to the left. 

Currents, for example, flowing down 
the west coast of the U.S.A., parallel 
to the shore, veer to the right and the 
surface waters are driven off shore. 
Veering of water to the left in the 
waters off the west coasts of South 
America and Africa causes similar off- 
shore movements. The continual drive 
of surface waters outwards from the 
shore is compensated by upward 
movement of water from the depths to 
replace it. The upsurges of cold water 
‘lower the temperature of the sea in 
these localities but they also bring rich 
supplies of mineral salts. Consequently 
floaung marine plants are very plenti- 
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Mediterranean Currents 


Inland seas in hot climates may lose 
more water by evaporation than they 
gain from rainfall and river drainage. 
An example is the Mediterranean Sea. 
Due to constant evaporation, the sur- 
face of the Mediterranean is between 4 
and 12 inches lower than normal sea 
level. To compensate for this, water 
flows in from the Atlantic Ocean and 
from the Black Sea. The velocity of the 


current entering through the Straits of 
Gibraltar is as high as 2-3 knots. 


The evaporation increases the salti- 
ness of the surface water and in doing 
so, increases the density. As a result, 
surface water constantly sinks to the 
bottom, setting up an outward-flowing 
current that passes beneath the inflow- 
ing water. 

The dense, warm, salty water moves 
out into the Atlantic at a depth of 700 
feet. Its density causes it to immediately 
sink further, to a depth of 3,000 feet. 
There it encounters cold, even denser 
water brought from the Arctic region. 
It can sink no more and at this level 
spreads out over a wide area. The 
current moves the water southwards 
beyond the Equator and northwards, 
as far as Ireland. 


stationary water. Instead there are 
turbulent regions where friction takes 
place. Water belonging to the current 
intermingles with still water and may 
cause some of it to become part of the 
flow. Lots of small currents, with dif- 
ferent velocities and directions to the 
main current, are set up. 

Currents caused entirely by the 
wind are called drift currents. The depth 
of water that the wind can move goes 
down to about 650 feet. The speeds 
attained may be one or two knots (a 
knot is about 1 mile and 270 yards per 
hour). 


Ee e Antarctic water flows underneath water from the Arctic. Some of theA 
bringing up a rich supply of plant nutrients. Much of the cold water that sinks is replaced by a ge 


EAN’ DEPTHS.—OFTEN MORE.” 
JAN” THREE MILES“ DOWN 


The Gulf Stream of the Northern 
Atlantic, which is the largest of all 
current systems, moves water down to 
a depth of 2,400 feet, and velocities of 
up to 5 knots have been measured. It is 
something more than a siniple drift 
current, for several different forces are 
combined. 

Water brought in by the North 
Equatorial Drift current passes north 
along the coast of the West Indies 
(Antilles current; and also south 
through the Caribbean Sea into the 
Gulf of Mexico. The water in the 
confined Gulf is raised 7 or 8 inches 
above the average sea-level and 
‘squirts’ out through the gap between 
Florida and the Bahamas. The average 
velocity of this current is as high as 4 or 
5 knots. Off the coast of Florida, it 
combines with the Antilles current, 
making the Florida current. The 
Florida current becomes the Gulf 
Stream where it strikes out into the 
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LABRADOR - LATITUDE 55° NORTH 


Warm currents flow from the tropical and subtropical waters towards the poles ; cold currents carry icy waters from polar regions towards 
the Equator. The warm water, for instance, brought to North-West Europe by the Gulf Stream keeps the temperatures along the coasts 
between 10°C and 20°C higher than is normal for the latitude concerned. Thus the seas off the Norwegian coasts remain constantly free from 
ice. In Labrador (Canada) which lies further to the south, the seas are frozen during the winter months. European winters inland do not 
benefit from the moderating effects of the warm water and the temperatures are more severe. 


Labrador current. The prevailing 
south-west winds then take over, 
driving the current across the Atlantic 
Ocean as the North Atlantic Drift. 

On colliding with the continental 
slope of Europe the current divides and 
flows to the north and to the south. The 
warm north-flowing water prevents 
the temperatures of North-West 
Europe from falling too steeply during 
the winter. It keeps many harbours 
free from ice, and melts dangerous ice- 
bergs drifting down from the polar ice 
packs. 


Deep-Water Currents 


Variation in the properties of sea 


water — especially changes in tempera- 
ture — form another great driving 
force. The currents set up flow in deep 
levels, below the wind-driven layers of 
water. 

Cold water is denser than warm 
water and tends to sink. During winter 
in the Arctic and Antarctic regions, 
intensely cooled water beneath the ice- 
caps moves towards the bottom. A 
current is formed driving the water 
both downwards and outwards so that 
it flows towards the Equator. 

Because of the vast mass that sinks 
each winter, the currents continue to 
flow during the summer as well. They 
reach great depths — more than 3 miles 


A number of surface currents combine to make the Gulf Stream. The initial velocity of the 


current flowing from the Gulf of Mexico is as high as 5 knots. 


The velocity gradually 


decreases in crossing the Atlantic. On reaching the coast of Ireland, tt is moving at only 


about half a knot. 
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down. The flow, however, is very slow 
—probably about a mile a day. The 
time taken for Arctic and Antarctic 
water to reach the Equator may be 
tens of years. 

The deep water from the North 
Atlantic flows southward beyond the 
Equator and re-surfaces in the ocean 
regions about the Antarctic. Great 
supplies of plant nutrients are brought 
to the surface. This is another area rich 
in floating plants and consequently 
the animal population is also large. 

The cold water sinking in the An- 
tarctic region is denser even than water 
from the north. In its passage towards 
the Equator it actually flows under- 
neath the Arctic current. 

The Indian Ocean is not open to 
Arctic waters while the Pacific is only 
connected to them by the narrow 
Bering Strait. In both these oceans the 
deep-water current from the Antarctic 
becomes far more important than it is 
in the Atlantic. 

Of course, as much water must reach 
the surface as sinks to the bottom. But 
whereas the sinking of the water takes 
place in two definite areas, i.e. the 
Arctic and Antarctic regions, the re- 
turn takes place largely by mixing 
with upper waters over a very wide 
area. Especially strong upward move- 
ments take place at points where drift 
currents in surface waters begin to flow 
and where surface currents are 
directed off-shore. Though some water 
comes in horizontally from the sides 
to make up the lost volume, some also 
flows upwards from beneath. 


